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iouAa. aA^\ Vk^^kd $\ JSl\ oj^A\ ^ Sk 

. '^3 ^lxl\ ^k a\S> >rj\ od&i 


o* ^ 3 o*--:—V — 

%^\ \ds ^ ^jLk su^k d ^.3 ^ 


<Ixluj\S .P .V> - <^ dU .P .Ch> 


jiJLc ^,lc SLlca. JJ £j£. (ilv^k Jl — jpfl ^.1 "A, 6Jjl^ jJI CjJIjLc 

j5 

edjL^d C-)l L^jlLo ^_Lc 1 aQ \a (JS Cl 1 A ^ ASj . jid 

$ 

oUU, (jijVI ^1 J£ cJ-^lj ((ilvill J) la.ii 

Li J £xa±& CjLjlAj ^1 JyLll (jfLo^j A aAiyLc 

Cx^JI I-^LjlCjUs (jl jjVl lJ^AJ LjljI JjLJ . Cj\ _>L^.J V 

jlj yL=>. tfejl I ^—1^ Sip. L5 i^. SjdLa o— 

Lo£. (Jlj-<-aJI ^j| ^g-ijL 1 I JJfcj — dlllA ELl^JI 6.AA Ciil^ 

. L^jjLLc ^Ljl^. (£jjp jedjJJ jjl^ Ijl 

g-1 A Ifc j£lJ <dUj CjJi J Jl* II ^_La <li-^Jl j> t n^.\j 

cJjjVI yo Iljd£- microbiologists 3 _djjSdJJ ^1—i^Vl 
6j_<fcj < microorganisms 3 _j jjSd^a CjI— uAxta <_al_ t ?tYsV 

^ 1 C- Li A (JLoJU-cuVl <JU_ul j ^jVl Cj^La^ dJ^d^l 

Lft-fl-Ju^. J)~ ^glil I £>j \ \\ 11 CjLLsuJI ^ v^ 1 I4II _ ljjI ijl 

I jj Lo£. <6 j_o Jj| (jl L^J^JaLojlS <jc_JjJJ Lu^a 

. SLjl^JLj 1 iA \ | (jA \ j \ LjljJI LjljIjJL^. (—(J^ 

HOW TO SEARCH FOR LIFE ON MARS (*) 
Viking 1 and 2 (^) 


<jl Jjlc dUjj <JC_Jj-ll ^j£. <JLjI j 6jJl!^ ^Lu-LI jJjU 

<j|^ Jjua jiH IdA IjVI probes Ql <nM,l o 

JjI—<-JI ^Ul (jl ^Ixi . Jjis. <-*-ijl 

l i J J^-ll <ilj <jc_Jj_LI ^C-Lu-U ^Jl£. CjLi (J.O 

JjlS ^-1^- Si 11 CjLtiii LcdJL£.J .^l^jl_ CJjlLc (jL^JjLj 

4jl1£. Lo-o ^ 5 -^' Ciil^ <5 ji_ ljj 3.5 

(Jo aV 1 i L_ a <« \Ui4 a \l J <151_ ljj Cj Uaui^. a 4 U^s3 <c jVI 

I (j^_> 4 jlajj ^j^I^jlsLjj .dLo_col 

ojI cjIj_Ul^JI cul^ L»l <51 ^ _a ^\ \ ai 11 ^_alVill 

CxiJ^ ^j\ ^ 1 L^jLa ^Ljl^ -lLj 

.^c_Jj-U Lj-aSj| 

da.a < I <j o 1 ^j <<2 jl^JI ^ aj 

SJ jj* cJljLc microscopic <Lu^5Lcu <oj ^1 

CjI yuilll ^2 Ljjl^- Cvbnjl <jjlj ^jl 

. <GjlC*.jJ JJlJ V <JlL^. jJJ) \^>. Cl A^i^s. a 6jJL^.^fl ^G^LjJI J _O-jJl 

Cul^ < ( ^2 j 1 <i< ^^ Jjlo ^1 yJI A A^all <jai_<-u 

1 (J^ I I i 19 V 6 ^ Lc <_\5^^J 1 1 j_a ~^ 5 ~ J>> ‘ ch° JL 9 ^ 


_ jLuVi\Li_ 

^.jic — CUJ (jl ^c_ijll yc iLpA (j£- O^-lI (j —5Lo_>j jlo <Liic si—(jc O-^jJL ijXI U 4 jju ^ 4 1 ^_J 

^J_lc ^_jLuj L^LqjCLujI <Jl^.jJJJLJ oIjLlLs.1 ^j_1c ollsJI 6 J <olijL*_!i cuJI ^_a ^ ^ iI^ (j^l Ul 

SC. J-O JjA yJI CjLIajJI (j_Q Jdc y| CJjLadJl 6 jjfc A_iLdaS dij ejjUd (jl (jVI A U\ (j^dj (^g-Lc SLi^A dj^-j ^-id-Q J—jJd 

■ d^» II ld-& ^-iL^i L^Ja^Ud .(jl-Lk^fL I ^ lie. LaJ)*N^-Q (jl^ oli» ill 
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jz jLcuj ^ a.u.ai - Gale Crater <Ujt£^ jJI J.^ jl 

<2014 ^lx ^Ihn j <MjLxi v-La ^Lxai - <U£ji,l 3jj)>^ll ojJ$ 
^jJs. <£c_iijXI ^dau .1 oj^xa c5 2UI (Curiosity ^-luai<UI j^xJI <Li£jJJ Cj 

J^xxi ^Jx <b j)aAc. CaLlijax J^axj Ci n i JjJj 


Ll*_ 3jll <£C_ijJsl ^_1 x. &I_ixx daJ^.J jJ-3 . 61 i~x II <_i _cuLcu^fl 

CaLj)xA* 1L <dUj £_oj .5_La^_>jIsJI Cal_i^j-ll <SJ-& ^ix. j(ji*-ll 

<^c_jj-LI ^_lx. &Lu^ jj ^ _lx. Lo_cuL^. iLJj j_a^j-l Laj^ j 

A. w)>CaL l^-o ^I^_oIL<_uL i dJjL jJI ^JI LAj I £_£^jlj LlW 
jj^.j ^Jx. JaJj <^i ^^Ix. <jj^jl!I j—Islj Vi Jj&j-tl l>°j .<xl£. 

.cuts LI t |j l <** 

.Cr^LJI 6 J_A t—V iVull Cal_ lLxC Ca5Ljl <1_o^_oX.j 

5-1jjH-ml 1 5 jljLloj^JI Ca McLlJI (jl JS^a i $■LoJjlJI jxLa-o 

^Lloj^JI ^j^-1 j _^.1 ^_s 1^ i 1c. I^jiJl g._jLull 

~ 9- 

<1 C ^ e\ 4 n a < 1 1 0 i ** s \ 0 >f ) \ 0 . LufcVj I Lo LoJ ^ ^ 4 | L> \ < «« i a. 1 
^,lc SLs_ 2 Cajlx. J^fl 5->j 11 ^jLi <£c_ijiJ ^ Laic. ^_o Ca J) a^>11 

^x^-Lllix ^j-o jvU* o ^j| ^aX. <£c_ijll SLxx -L- J-JJ 

.<jlL. SLl^. V IjJLLs L^j!$ 6lj-i C5'j-ll 

.L^jlA ^-L. I_ole 32 j*j!j_^ axj (^1 <2008 ^.1_c ^_sj 

Lo JjlC i. A3 i CjLlzx^x^I 6J-A (J_I J_i <^c_ij!l ^i^. ^■ < La5LL 

I_ojL 5Jl^^il 5 jljIjJI Phoenix <Li^^_o ■ **<L> \ ^ 

ijfc*. <-Jia jJL j-jlox^JI c_jju-^i j2j .^c_jj_oJJ _<Jill (_iLlaJ1 


JCxSjUs uJjLiJi Cul^ 




jjL j -&j <perchlorate Ciljj—l £jj Cii- 

^lLjI^jlo (^\,^\.a 1 da 1^3 I cy^ 1 i 1 ^ 1c. 


j I ajJt o ^jj-iLi <Lajj>o dal^)J II 6 j-Aj 

350 dalJj-K^xll _o| 6jlJXX 5^.jJ ^-Llj -^3 -i cuJl^ 

^Lilc L4 j Lu^Kj L i~s_cu^ I <a!L-o <5_ijJji_ LJJ <dxj J 


THE FIRST SEARCH (*) 
chlorine ion (^) 


w^JjVI d^JI illat 

dal xjdj (JLoAju_uL 6Ll^ Jj ^j£. dj 

^jLa <<jJj^fl 5-ij ^311 ^ Sj . dxSjJI dUj ^j-3 6j m illl ill 

^j_o 5 ^j£. 1 ^ X o da J_cx I ^c_iji.l ]n a n cT^" L5"^ I 

^*2 ^ 132. 1^ jj <_ Lada Ll^j-q I_^jJ I da-3 L_2a I j 4_la^Ia 

<Loj dxal^ I jLs .Ljlll ^3 _ ^jlo ^j2sJuLo 

jJjla LlsL (iajlll ^^ ^L»d 6Jj^xj-o microbes CiL-4Jj5Llo 
.( jjjj^JI Jju-u^I ^Li ^IdiJI cJiL^Ju-ul I 4 I 0 

^-3j . dljicJI IJ-A L^LfLill daLlx-i (d.^ 3 A JA3 <<_3 jlL-xJI ^-3j 

daLu-oJuLo Jj ^Jl jji _uuu jl n^.VI lj_A ^jl jJ jlj <<j|j Jxx 

^2 Llxa_ ljj^ I I J_A ^-*0 Ji aC <j | Jju . ^->jX I 5-ij3 ^_3 5_ijj*\ i o 

Lo 5 ts\ \ ^jla^JI Jj^^IaxxLJI ( j_Lxa_cun ^xJ <^j^.l ^j^jLxIa ^LLj 

. <jJ I l ^h ^ 1 ^ < 

J^xxj ^_lx. JjJj JjX: da- 2 xjJI 5 jljIjl!I 4_a j .zx! 11 <Lo^_o dxal^j 

jaL ^Lils dxojl Lg_a1 j jc .photosynthesis c-i—i5jj 

. 5_s^IaJI 5\ \C- ^_II ^ Lo < 3i<^l <IaJL 5 _sjlx 3 ^_3j . <Lo_ ojLx 

^ ** 

Jwn5l ^Li 5_i^LjJI dadlJ Lo-ijXs <Sl. 1 Jj <_o!a L)l^ ^-lj 

1 \ \ xV. I J_A . 1 I dadJ _9 <d!lj 2>° *^a-i < Lff 1 <^) 3 -id)^-lI 

.dilj ^JjLAa ^_lx. 5djjje_o 4_i^j Jjlxj 5_al jjJI JaJ-Ju 

.^Lu^ Jx.L3jLi J ja Xi^^fl ^jl (■ LoJjlJI ^JljlLluI dij 

(jllW n (jLaJI^^-11 ^jLaj^ji.1 dxal^ < 6 j_i^x^fl 5 _sjlxH 1I ^j 

organics Ob^ u 2 JlI| ^Li 1 ole. .<_ijlJI ^ 5-aj<Ac. daL$j_o 
^ ** 

j-^llsj| 2xi—^ ^1 ^—A iya^jfs Cal—^-L- ^J-2 Lxj 
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i-oAj 

S ob jL 3 l 4 


,Vlo‘ 


Ca-aoj ^—ill 


liVI 


‘r 

< culture 


Ql ill <<#) 



£c_A^-tl ^-JlLslI _eu_A iJa_ 


Jc 


1 U—°J ^ j' c - ^^ Cj——kl 
j-sjK <ull Jbjjx .j cjLlG jj .jJI : (a) Li%jJj-uJI CjLa-cuIjJI 
linear sUKA. J—ol _iGj^jJLs .polysaccharides 

MODERN APPROACHES (*) 
the Sample Analysis at Mars (p 
the NASA Goddard Space Flight Center (Y) 
1^ —i_ujj cuLiC-l l^J 6jj * Qj)^. is ~> :petri dishes (V) 

. LjjVn <11 oljFlUl 

sequencing (t) 
biomarkers (o) 


- u^l - 

CYvr\s\opY\ev P. 

.\uua\ii a\\^^W £_Ah\\ j-cuA '^Ly& ^AVc G\-a 


\J\c\oy Pauo GaYc\a 

. VjlA-u-uV^ ^ \n\ <A\ a \ A\ ^AVc <\ u. n j\S> 



S&jU CaL^j^a L^-liLk 
Cikj-A 

e-L l 2^^I jade <j12j CjjjJlj <LaJl<^ l 

L*_eulj I jjJlj 
CaLjlj Cul^ JlL .2 . I jJlLoj 


^.J^CLeoJ 


&JJ& JjLdol ,^_2 Ajjjiiil ohiAa'dl j_ ojla Ojl^. 

<J|_eoJ ^jl ^Vl eJ^JlJ Lla| j| <LJU. <AjlSJ jnal 3_ jI^LJI 

j^LaI Jj2J . L^JjLljla _col ^j\£\ \ 5_Ajl^ (j-G -LlLs < I \ \ i A 

Sj-uuLua i_2_< ojlA^J ^)j 1 ^ \\ a \ <_A_euLeu^a. jJt^l oLajl2j ^ LcJjlJI 

.3jLAjj\\A SLp* LpJ ^l\\ <biomolecules 
Uo^cJlII ^_2 ^LLajJsJ Leu Leu I j-Sju 6J-A J_2»JI &Jj&J 

. jtJjil Sip. J •JZl.J ( _ r k iljl (jt 

DNA LuJI £j£. ^j^jJI IjI_cjjIjI ^jIjUI ^ 

^ olili—i^l (>c ^ f —Ij . (t) d Vl mli n j 

^ cJLlAj . <J_t nL nil lujJI Ll^I^ IjJ^ J_SJ_Sj ^ ^Lel An 

cjLil^ j?-o J ^ ^1 J6^* o- 4 

.<_ojLLlI ^-JjJsI CjLlXjJ AjeeuLeo CjVI ^-2 IjjJI ^Ij^JLeuI 

I_jjJI ^J_le jLoIeVI Ij 

Latul_eu UJI ^J-C jS^C-jJI > 3-A ^ SLl^. 

SLl^. —fLou l^La I ^-1^ SLpJI 3 

| 1 aij-^-o JA2 ( I J^-2c_9_o jJ I o | . L^jlC < 

Jj_eOU^JJ X \ ^jJI I_jjJI ^_21_dWsI olj) ^ (jl dlUL^J 

. A 2uiC) dAi ^bise^JLeu A \lc 


2 ^u Leo f I ideUu cj!j^KjJI ^ ^j • active 

. ^e-Ji^lj)A^II J j ^-I I djA9 J LoJlLcu^LI 

CjLeij^e ^j| L)jj_ 1 C/_ I^LjJI e_al_LuJi^^fl Ij_& J-*^- ^^ 

.<JjJl!I ^_2 SLl^. Jj _2a.J ^-le CjLo^Lc O_eteoLs Loj j CiljjJ^juJI 

<jjl!l <2ULe Vjl elU22e-eu Cl)Lj) Ac ( jL. elOexll .5L5L1-2 Ajj 2 

^1 J'M) ^ II lj^ (_^Jl LojJJ -eu 500 ^Jl 

6J jAl Laj^a ^jl J_U <JUeJ l^_al_dVV\l j^J (j-AJ <(_^J_1-Ac 

luj^.1 j\ a A ^ L)^J < [ j)*\ <a_oL^. ^j-c] <^jxLdl^jj^ _ jjl^Lj .R> 

Jj 3 I d)I CjLuj^ ^1 Ct-i ‘{<^ <^JC>) 

. (jA ^ A i il 11 < vLc J^Lk <JjjJI ^_S e-A^j-A (_^l L 0 L 0 J 

CaLl^I ^j-le LeA_s I a A11 JaJ euu ol jJI CljLesj^j 

A- 2 I aAI ojJj j^fl <j j 11 . AuJIjJI j ^j^fl ^/jdj^ll 

CIaI j^J5a^-JI .^jjjj^JI J \ A u*N 1 ^_aLlA Au^IaJI ^1 je 

a-cLLlLcuLsj .<jljj 5L1I <ju-LyU 1 ^ xAjjlj j\c jJ 

6Jjll d 1^) <1 AJ) II olljj2iJI J AI oLSjll 6J A 

J2i eu^l ^aLlA <LlLl3l 1 I 6J-A < ^L_al A All ^lj *_11 ^_2 

<_i^jJI lA^ _eu^^l JI^I <<jlHjlII <-Sj2^Jl 1I ^_2j . Jj(j_s^^JI 

** 9- 

31 wiJLi (jjf\ry Ai^^fl LeOuil ^_euQJ CaII ^Ldlj .<JlL>j-LI 

J(J2 ^jLa Vj i^Li^A-ll 2 3_aI JjJI 1 jj) ^ ^ JJi^-A (Jfc* _eu^^fl 

. c < La5LaUs ^ lc lIIa Lo£ L^jalajU JJU> Cx &J ^fl 1 ^ \& 

.^j^JlaI ^j£. < 2 xn^ll jXJ JA2 < I j5bftj 

JljLa JtJij-tl SLla. lJI aVm^La J-g^I <dilj 
^c_>j-ll <JI^JI ^A-A_eujJjjjJ^ ^Ll^-Q C^h> \ & JA2 . L^-jijlaua 

dlJj Jjuo 5-AjJ^I ^buLC J_kG eldljLaj <2012/8 ^_euJI ^_2 

C5^0 ~ 2014 f 6-° -L^- 

jj 4 ' ^ 1 j 1^-21. ^-Ceeall ^1 ^ II ^_le _Call cJLo> jv \ 

3-a] k^^sLaLa .p> ^j^La <^(SAM)£ijjXI ^-Lc oLujUI 

<_jj^jJ| ^jj — ^^LeuLJ ^LJI iAall 3 ^aJqJJ jjl jjS 

jSeAjjs ^JUlL CaLaI _euj ^_2 <JlJi^jS CaI _A^j_o ^ lc Caj _Ic 

Up 

j-o^fl ^_2 La (JSj — J^ull CaLa j) < A* II 

OlS^* ^1 Jji . I 4 A: j j) "ni l 6 jjU jji: Cj—jIS 
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jl aAI 1 jV A i < ^ 11 ( < _5“ a jl 

.<j^y^. <lLcl Jjlj 4 dr- 


30j-tlia-ll ^30^ I 3- 0 4x300-0 iao^Ll 3-° 403^-0 <_L^ia chains 


.XL^JI 


I ^0-11 4jLOO-O^I 3 -I 


.VI 


o*‘ 


-aLl^ 


JJ 


JL 


lo^O-Col £_jJlLcuO 6 jLa-IlLI ^L 


.VI 


3I ^ 4xllil J d v; 3I0HV 4__aokUl olo cJI d ] u-°J ^1 ^ *43^3-° ^-°VI —a^VU 

prebiotic 9 >^.i^JI Jj 3 La 4 oojJI ^ Uol a 3 Ll£ 30 33^0 

3!^!^ a nil 3-° ^llj^la J_co^Lco 3J& a nil JoJJtA .jJlc ^V 

9a^jJj-u Sjlix. j|j^a) enzymes CiLau^jl I40_Ho ^^lll 

.CJI000330 1$ AiiV^ ^ <(biological catalysts 

jl 3M33^I LajjuLxj J_0L00 .^lll olll^JI dl_it.TsI 3I 


L _ r ^ ^jJI olooj^JI 

I (J - 0 - 3 < I j5c AJ . 4_Lo l^J I CJ LaOO 330 J I (J-O I J Jj IJ J» I 

I^JlCI <£l 1^. llo <iaJLij-o Cal_I3-3 3 £ - co^ ill 3^“ aJ <3!_1^-VI 

.£_LlS | Cjj A< i\\ ^^oJI CjLjulIj^jJI lolia co <Jjlo < IJ \^ 3 M j£ I 

SLl^. j3^j Ldol ^_dlao J._ LaII a j_A ^ix j3^ *' I <3)3 1 J_& 

£ J-C ^J-C I_ixLo^ 3-lj^l Cil_1 aAiIq £__lo^. 3I 

^jJI ^-\^. aAH jjjlII I . 4 q hi 11 £j looo330J I 3 o 3 ^^-° 

cJa^. \ S ^JlI I CJ lo-O ^ J.A S ^_ AiOO ( AlC < 4o_0 3 IldV I 3 )_^OAO 

3^ t_j, ^11 S<£.Llil JjlL^jJ JJL2^.J jLl^l I_ ^JlC 

< \lc, 3 ^-*-^ I_o <Au d ^.1 3 "° I_ 0 I j_A (Jlj_coil I 

^Jl Jn 1 nl <AjL OIju-Cl 33 ^ t \Vt 1 V;C-LU:_cuL 31 ‘^ JLi • 6 ^ 1 a 1 jI 


LjLj uuAAaj ^ s ^ v a a.uaa—<_u lj i 

3c o ^jJI IjjjJAoj 3I ^ Lo_A^jI :3ui^ljl <_ul 

1 a \ <^LjlcA . jc. ijJsl ^- 1 ^- ^Ijl^. A >JJJ a A j| Sj iAo 

^c_c- <_oj CjLo->3^| 3' ‘CjIJ 3-1^^ dll^-I_COJ CiLo-ij^l 3^ 

<< Ejl j ol^jJ jii\ a \ 31_i 1 A _ 3t -^ > 


J_jj a^H _u£sl I_^ ^r> \ cj I_3' 

3I ( Lo^jljljIjj ^£ja1I 3^11 Mjlji_cuj ^^(3 

jJlC 3 ^“° (^ 6j aViT\U l 3 I J^-JI_col IjocILlLcoL 

3-^3 <peptidoglycan 31^— tKJA JI Jlo <l 5 jjj 1 jII ^ ILxJI 

pliu j| < <_>j ^ 11 L^LkJI 313*^- 3 1 

^jJI oLu-^ixlil <1 ojui cuj (^jJI ( ^(ATP) 3—^I 

adenosine triphosphate (^) 


1 ^_AjjJlLs SLl^. J3^.3 ^J-C. IjlLL£ UjJj 33< wo Jj>j Ka Jl J_jAC 

cjL^jIs-LI encode ^Usd L^_j| JjLaII ^_col^JI 

CjIAjj^JI ^‘^4-1 3^" OJ 3 -^^3^ c^^ L - s 3r i ‘ ^1-^ I4 -o 3 ^-I_cuj j 

Jjls Lc < 3 J| cjIAjj-^J <UiLc ^1 ^_ !a 31 ^_iSjil 

^_ic \ a < ^T\ 3I 'I ^ a 1 « <^Ja111 3^ A * I ^ ^ t^Jauu-ojJl <j^LaJI 

A a A aAII j3 A a^II 3"° l)^^- 

<J| J-Jjlaj _Is. J-oXJ (<L_cojl^ .P>^ IjJ^.1 3^ ^ _Sj 

<J^f| 6 JJfcj . ^- > 3-l»l 63 ^x 11 d-> Ljlj 3>-^J I 6 JJ& ^JlLo i_al 

immunoassay aiodl JAaJi jUAI — jjWt ^1 jls_COLA 

<ill 3 Jsl ial_ ojVI 3-c cj\ _lo ^ 31 _tiiLcol A \*\ — testing 

CJ1 \ 1 3 _coJI JoACj ol_jjLAJ^jJI 3-0 

.3^1 j c 3 j (<olj lodJI 14I a a A 3-0) biomolecules 

SjLc 3 lo Lai < At^) cLcllil JoicLI oljlol^l c3la303 Ij-a 
L4I0 (JS — Y _c±JI I4J cjl Ip330 ^ A3 — antibodies 

^«ao\ ] <03 11 Cj I JlJij-^ I £y> -I 21 ^ 3-3 J_^. I3 s dl CO Lola 

Lj. a^>, a <<C 111 I (JjlL^cO 31 a! I ^3-^3 • [^ A^Aju^W ^ a j\\ai\ 

3O0S 3-coo Lr lr. < llo^l JI3-0 Lr l^- (531^0 3I 3^-00 J3-U-0 

<_SJ4J -LaLlj^Ll ^ _o a^> o I4I0 3^ 6 jl_dJsl ^.1_ a o^k^fl 3-° 

o_uiy ^ -Laojo L>3 llaj^. <jul»JI J[j)l^.o 3^ I 3 l 3 
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jC^j-dl (i'i5>o 

^llalll SjY cija^JI J^-u I 4 J CaLluijjj ^iSij - Velcro-like 4$ ndill SjL-IXI n^VI 4, at \xb 4xl_JJ J\l^j Cal jLlHI ^\Vual 

Jla) 4 j. Jl CaLlaJ^JI CaLla >JutiS 4xLitl JdVU j^lj j Lilli .<Lu ijJdl CaLlajaJJ 4Aaflj ^JluJjLS^ jjj dUjj - ^xliU 

.^c_j ijJ.1 SLl^. ^Lc. JjJj jX, tU Cal jl t*WVI <>1& optimization JlllL_ul ^j^aj . LAal Callaj^ LaUUjij <(Caliuj^aJI 



0 

v. iiwJI d jLlLII 

J^l <j* IiU -‘'ks-^ 1 

L^jli Liijjaj 

SaL AX I ^L <t-^YLi >dujL\Vi 


jli u^un 0 

jawVi ij < 4i4t^JI 

SjLAo Lab <t^1 JjlaJJ I jjft 
Lfrlla ~ cJLJjSCuj^U 

SaLAU ^LuV^fl Jia 
4ij^_lcuXI Olljj^Jb cLuUoj 
^L< t-%V) al$Jj .SaaiaJU 

a ^ a d o 1 :\< \ 1 11 1 1 ^ \ \ t ss 1 1 

(I 4 I 4 jl j| 

jalG-i fluoresce Jib llijia. 

.e-j}* All jj^ u-w * 1 lit I £^jJI 


CillijiaJI dLi&ufiJI (S 1& jj-J £aJ-i JjjlIIj ^ 

illaja. ^^kaC j .Sj^a-aiJ fluorescent <jj^I 

jj |^ |3jS 3. t U < 1 ■"<! al. ;V;<I l/io,^,^' 3 a 1 . 3_L2kjJ^_u 

lift ja£^3 ^a ^-ynVi ^fluorescence Sj>1a 1I SaCi 


j ^j L flc. j-Lli J-Jj I dA _a <right-handed (fl) Luut jl 

— ^jlLloj .LajljjjJI Ca_ al^ I jl <j| ^.LojlA^U jJUlII -^1_*-^- 

d)l ^LsJj I j-A \ a x 1 a — 4-Ju-jaj^fl oLiajj^jJI jn^C 

^Ll-^JI d>£- <iaju_<jLO Caj^Udj Cal_dlij ^c_aj_ll ^ Ic. ^11 ^ \ x^a 

LT^ 


The Martian Protein Detector (*) 
the microarray (^) 
the capturing antibody (Y) 
.^Mslcul :j 1 (T) 

.(<Lc.L_uJI (__)jIac. (jn^ai () jl (Kill j-° Lgia-»ljj :jl (1) 

.(<Lc.L_ll1I I^l jl « n ill f^ya l^-U-ilJJ :jl (0) 


JaLijd (^-1^ (Jj.< jlj 1 iilLJI (Jill j‘iaJU 

.metabolic ^^.ucul 

Jllo Callaja^. ^c_a^-oil <_u_uliJI <C\ n nil Ca^)_oJ 

<Jj| lajjcLaa JljLxS <Callujji^jJIj DNA L-jjJI 

IjlA _t-uuuijJI SLl^. Jj_l5^" 

LuLloj^ ^_alia Callaja^JI -LjLojI j \^\\a .-ULaal (C.y^s. dI 

.jl- lujlJI j| lA-^JI ^J-td ji l^Jaaljj ijakVI 

" 4-Jjl < *M 4 jljljlc| ^aLa^.La ^_Lc iLa-^JLl 

L jJ*\ _ c^J\ jj caj_I jl_a . left-handed 

4_>jl_<_ua l ^ y Ic. \ 1 4 a^>L 1. <X-j) r>-s. ^ ^ _ 1c CaJaX-j 
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(*) 3*U 4 11 UtU^nl l 



f<JLO.jJjjj *_jjl__J i 52 ) 5 liUa Cj- 


J-O^J £CAjil j_II A!aXA jj_u^i I_jjl^AitjJ 

oLol _LJj| J jC. \ I 1 \ _J 1_COJ I 

4 -J^jSLlA 4 1 \i n ^ < IjjJJ lit_ t n*\ a :<jl^.jJjjj 


< immunoassay microchip 4 —cLdJ J—d^Td 

. 1 ^ lS\ ik aVmJ <JULJUi^l j^t <J]j 

idlill <^ 1 Ij . I_ujili 6 j_aL^. a _jUilli 

J_c^iil dlh^j (^jJI £-ijil (^\ — c_aj_A Jj ja>a 
. oWI 6JJ& e-1 jJ^f OIaja^I jdI 


. cjWI 6ui^J jti^j^Hlj j J-oJlj 

.erosion JSIUIj ^jVI L^jLij I_o^j) 31 

jJji .1 £^L* _ 2 uVI I _o^_S <1 _ &ljd£- I _ d\ 

CjIaajJ jj-^ _^1 j_ 1 < * ^ |j . Sjlj^aJlj 


^c-jjJsl ^_1^. A, 1 Sjl 

JL?L ^—* 4 -° <_£jLA' Jl$l 


j-*jJs I ^ La_ 2 uV I j ^ ‘^ JLi ■ - v ^ I j^J I j —ac 

j x A *_il jJI oWI j» LaLaj j_c> jj ji 


. JjlL^JL 6 J 4 < ^ 11 

j-a-OJlII S j1a2J LoaS 1 o» ^'tyd CjIjlSjJI 6 jjfc yd l- 1 ! jl 

<aj j.rVill A 1 lUll Jjia 11 jlj IjJfc .jc_ij.ll L_sl_ cjjSaj-uV ^JllJI 

dl_Jail VL^_a dljJJ jJ (_^l_ JuSaj-uVI Cil AdC, L^JlS Cjj^a ^^aII 

.Cilij^fl j-* dJ-Jaj ji -cu *lc ^JJJ jt£ JcajII jl ^-S 

i (_isj^JI I jl^ 1^1 t —a jt \ \ jVI jlj^fl jj d—sj 

c> <s^ ^k>° jAi ^ <*L* c£>=^ tje'—^ ^ 

— jc_ijil <JL^.jJjJLi CiljLij^. 

CjLtiu 4 atwJj1I SLl^JI jl ^Jl j_i_tlu CiljLij^JI 6 J-A dsil^ I jl 

<JlsIj 6 jlaJ ^ 5 -^ — Lju^SjI ^Ll^JI ^jc A \<C\ a n ^ 

ja j \ \^v jj <j I (_^j xa j ■ 1 wAj I ^jLL 6 Ll^JI ^ 11 

JA Jjj^ J--%.JJ <1 J | cJljJLJ <_uJ . (^J^ I J^J I jJi Jjj^J ^J I 

o' ^ I^J ‘oL-^jJjajJI 

■ . <jl^J1 qIjj\ i*N II ^_<_ul j 

MISSION PLANNING (*) 

_cu CirC> <jjUlo jLo^l Lr k ^ 5 j jl ja! _cuL SjLcLo <aaU j _aj :permafrost (^) 

- djl jlcuMJ J-A.ljA - 

Signs of Life Detector (SOLID) experiment: http://auditore.cab.inta-csic.es/solid/en 
nasa’s Mars Exploration Program: http://mars.jpl.nasa.gov 


Scientific American, June 2014 


<JA> Jjili A,* ^ i < JtJjJsl jcJsu-u Jj^l jaII 

ji <jJ J_C> 6 J C-lj-ll t_il JJtiVI (jt-S < I iJ . (J\A <_aJI 

(jJJ^AJji JsJJlA J-ijAi (J_JLQ — <JJ J^. 61. V Ci i \ 1 ^Jj_^ 

J^LllI L^AS ^jC. ^_iljA> j) — JCAjaJJ ^ LcljLZJ I i—\ln-dl (_Jji 

j^^. jjfe <_jjlLdl < j^jJL^JI tlK ^_^j .^LojjiJI 6jUI I_ jj 

j I JAO ^ 1c. j^I4j < i\ ^ i^y Cj IajlC j“ 1J uiV jc_La_<_uJ I 

. >_i^j^J I jc Jo x n jJ^ I 

ji jVI l^J ia—jlo Vi 11 (yyy ^^aJI jtjjll ^—\\_ £j\ —aXjJIj 

^ExoMars y* jLo j-loSI <jlsa jIj Jjji .o_ yi\ dUi (jyy 

6jjli Jjj^j jl ljaj <1^-11-I Ji£-y 2018 ji.lc Jdi ^jjJI 

^y I_<-uIj ill^jJI c^\lcI < to j b Kj .drill cjLSlui J_o^. 

.2020 ji.Lc dUij yAuuu jjjjjS yd t^gy *-1 ^L^a-oj ^j^liaV J 0 J 0 .-V 

^i Ca^aJI 6J_iu-V-oJl ^JJ_OJJJJJ \\ j jajLoj _cu^l jI£a>Jaj 

<A2i.jJJJJ CjLacuIj ^jc JCAjil j-o <il_oJl <jljIjj _OJ^I ^jJaLllI 

ijty&ji] yd U^f Xi) ^1111 —3 

A \ iloill ^jlallil ^ J-asJI j^JI > jaJI 
jjjjJj I_ljjIa <Jt^jJI jLa <^.a1oa11 cIa^aJE t jixjj LojlSj 

^icebreaker jaxiIS j-aj-uj ja£ LjaA <>lj^.1 

<Jjla uUloJ <J^jJsl 6J_A Jjjjjjj .<Lo^Jsl (^Jj-» jl j_^Ai 

^Jl Jj_t^ajJI j_a j^aaj <<_ctlil JjlL^jJ <JLjj j—aa 

L5 JdtJI ^cAjil jj j-ll^ dJI (_\lojdl ^3 j J^j— ajJI JUIL^Jl 

^cajJJ j-ijl 4 j_a.jJjjj CjLo_ljjIj jt (jli i 11 diljj <«>LIIj 
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Jflajallat 

aidEHoom 


12/11 30 alaJ.1 

2014 jAAujJJ j 


s»\ 




* ^ 


dl >j| 


.V^d ^\Ad^ jdXd q\ cA.juU^aW^ ^WjA q\,AS i„.A iN 


<j-«-udj1jL .A .J > — <^^1.0 .G> 


d a-A^II CiL^j-o 4 jl^jj ^Jjlo 4jUL*_0 Q \ 4 \ ll-Tt ^ lc- Sj-t-sdLS-OJ 
4 iS. \„J>,.11 4jiaj|jdJ| O-Oubbu d-ld dj) J-Ac. ^_2j . ^C-Jjlj) a-^Hj 
^dalll JxA^ij .ibbfc <£.j.ui) odJd^j network connectivity 


(4-a jJu-^lII) 3_i Cjl_u jjliSJV) ^ 


* J L 


odd)J^UJI 6jl jl Jl_^_a d_)j£j <microelectronics 

microchip 3 ji jjSLxa 4n <<i ^L^LoLi oLj <l5 _^5L11 

<J-° JaJjJ oJj jVjJ I- $A aK j JjJj V 

.6^Ja 1I ^ i ^ k \ a 4 1a < < V qVI < \1 4^> \ ui 1 ob_a^_dl 

^a 6ja cjLco^-oJI _Ju IajJ^ dll cjLojJjlII dl 

djb <dJj £_a J . dljjVI _1^. l3LJ_a_ajl> J J_<fcda 

jl^-oJI obbu >3 • ^-1 ^)JlC obbuJI 6JA *vba ^ 


l^_J| jldlll ^J\ a 1 V ol_d^k. d^*^ ((44 ^lS-Q)) ^dd ^jl _II 

< Jjl^. j (j i \Jol ^_S 1 ^ loan_ <_uj 6 I j VI 

j I dL ^aldJI j\iVix^ oil_ <-^JJ-g^JlII ^_S ^ 11 Jjlc 

. jl^I j ^_s cJjI^Isl^. Jdc 

oV 1 **'-> iVI^ 4 \ m J^.11 ^ji-2 <OI dL-k. 6dA I JIjl I j 

^jJI oVjjdl dlh^i I Lo4 . J)\a£. _uju ^jIjjJljuI _<_u 

6d£. <_oj) oldLuJI <Jjl u o LsjulLlLI I j ol j i^_^JLll aj 

£CJU^J .(LJU. <_cuilldj 6tX^-O oVj^^JjjJ 


dilj Ja^>^ ^Ls .Oul^ LojljI ol 


I [|a 


\\ , ^\ \Ur\ 


^ u 1 l3“ 


4 i t i Jddr^i c. x <i LiU < V_*-S 

<j-cu j) j .M> <j Loj <ubiquitous computing jl <hViVI 4 -^lla^ 

(^dV^A\ ^-i.3—tjaVci.)) !jlk!il] j-j J (JjlS <kyll 6dA 

.[64^ ,(1996) 8/7 ^IjoJI 

<Loj_ojlII <Jl-LXIJ^JI JUllVI ^jl ^ -S d-dJI Ijj-oLLj 

Vj^ii cx3^— < - <j 4 jI i j| / 1 L_>a> i y\ —<_u jl — tiiijVI 

4jlX l_3t_l I 4 \\\* II 4*C \ _ulll Olxj ^ j \\ 4ji <-iu LjJ l^. 

EXTRA SENSORY PERCEPTION (*) 
the electronic sensors (^) 
ol:jl (Y) 
:j1 (r) 
device (l) 
l^jdd :j1 (o) 


d d_^>iajl _coil 5 -Jj^jJI 6JA dd| 

oVI d^J_<-u dj| -d^l dL ikoodl ( ' ) 4 -AJJjjSJVI ol 

oLa^kLuaOl< aj fdj^-<-uL^.^-S ^^o^-^q^jlaI^ 


^ gyroscopes ub< nJjd-^j GPS sensors jil 




djdld 4 jl 2Ij_o jl^-^- £^jl coj ( jxul»LLoj f^SdJI dAjlA ^-2 

^_S jidj jl ^j-uaL odl^-o ^_2 J-oJLJ OJ^ Idlj .4 \\d dl 

oj ol_Sj ^_2 Ldld O^t -2 , did Vi H (Jj-bi 


.ijjlajJI <ju_ojj 6jl jodl 4o.jJj <^joJI 

‘ 4^ 91 <^jl^-oj 6 ^- 2 ^JI d^ o 1 * *i ^ a 11 od d- 2 ^ 

jL\ ±s~iT\ oidj) U ^_s :Moore’s law jooj - ^cVI 

td° d^Sc 4» aA i (Jjl2j . Sjdd d-^d^J 4_d5d A 2 k. nj Loo^o. 
4l a aA*i 1I , L-udl l jjjLl 2 d dJ Gj)^ I i Ijj-Lrd I OjI^ JdlS 


<d-°dl daAGj 


_o-oJI 4 ^-v i^ 


‘(_j—^ j —3 


jLu£lL2.Li 


Ol jaJUJI Ol_l 


^ 4-ujjjSJVI Ol I j L.\j Oi 

UJjj dil ^Ldl ^lAa..ci dl dJL> <4 ^ji tiJL 

oll^JL oaui ljj AU o bj l^ 1 (( 4 4 j)V^ )} (J^ ‘ bJ 4 bj_o 

ol_co^-oJI obbd bodlj objlkJI dib b \^>2| I jld . 4 \ \ x.a 

d-Co^J Uj\c bo I <«djuillb 4 lj a d-ojCL-uS dl 


.jLdljVI 4 _ojlo3l1I 4ju_ujoJI J^.3t.l ^AjlSoJ 


4ju_ujoJI <G Jod 


J^JI 

jji 


t ^dl jjJulII 4 ,a. \ ik> dljjl j 
(JUu^VI d|-^ <<idl 4 —ci.j (^Ac- bjbui. jl- JujljVI 4 _ojloxJI 

_ ljj 4 A \ ill ^_S 4 _ujd^-ll ol_ tji^.x\ dl t_i_1 bad I 

Q ^ <ds| bujJj 4 4j , 7 . ill 4 \ \, y ^9 11 d_ooJJ ol jldLal 4 _Id^oj 

r. ^ A 1 I A \ 4 \ < I < 4 \* \ i dl Jj 1 >lrtf 4 i i nl I I ~v il l 

. d.\lVij d' 

^ 9- 

— JlodVI d— 0 oi 1 < 111 1 ^ Cj 1 n II dS-d j—2 j 

d-^jJ^ _ jA (( Jjo^JI))j < 4 _ub ol_ku ^J| — I_iu_old^l 

4 , 2 ^-aC. ol—O^lO <J ddl d—1 j d*-d d^J ‘^5—2 a2oJI 

.(^jlll 4 . ix^>j) l ^Oi^>.ll l.\oithld-Q 
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Jo-lII dJljjVI CjI _i-o^oJI l^ a a^G ^lAI CjLajAaAA 

lALaj Sj_ lLjJI Ls_ <-ul^_Ls— S j_> j_^. J^jl^kj 

<jl^.jj Lsjjj^Lo ^_a oJ^-* La j\c ^k^AAl «I_jj j^.j» s 

^jxiLuLIIj j ^jLajJI ^jlC 

( I qL. u ^..aJI CjIALu j^jls\\ 

t\V nI < 1 ^ K Ij _cul^^. (JL ■OJUl _cu L, LJ^ jsJLsJI dJjJj kA 

<JLjljLi oLJuLJu Jy>^)k ^j-C <JLOJ3 jJI CjkLuAI 'vk* a JjLOJLJ 

<kAJLJ 6> ‘6^! .<JLk 6^4^. I JajJI 

^-Jj caJI L^Aj VI JjljpJI £_aj .<JLiLajl*_a 

*Lk 6 jJj3 Jj3 I Lju-uAjI <jaJLsJI ^ALajAxll 

I wl^j _UULCJ _UULC CJuL^. <-OJl 2 <dU j £_aJ dll A ^-3 

6j_ojlj _COJ i 3 ljl\ c_AjJIJ LjlcJ La CjkLuAl _a ^OlJlaSI 

j/^a ^_3 LaAjjA l_3j _uil) <_u_call I <L 


.^j-JlJI dJljjVI 5 jl1 <1^j 


CjLojl^-oJI Cj 




pi 3 \ ikj ^_3 JjVAl I A A JjlaJL ^ AoJ • («—»j) 

jlj Google Maps loJ±\ j^. Jla <c> ^AJl t , i AlgAl 

cA _ tlu ^ ~A1 ^11 ipl _ luju-u^LI cjLc j j a nil j Twitter 




uu 


-Jj L^vAj 1 ^-oLaILs l 


=1 


(r) (M.I.T.) i>LkA ^o^^j-^LuL J4^alj ^LAI Ljjj* 

^jlII t cj La j 4 jl 1 1 <jiJ ^Ac J_cjlJI ^I cj!^ <-u jjlc 


<J-Ol^. (^Ac IjL^-O ^L^-llLo ^1_UJLiJ^fl < A \£\X 11 CjI <-<jL^JJ CjLj1jl> 

<il3lll cjI^j _<-iJ iojllll 5^.jll (jjii l jTiVv>j .CjljjL^^jJI 

'ui (j-'J-ll /'^ljill ^-S_aL^j <Jlala JjjJjAjJI CjI A 

JL> ^-S 1 ^ \ Lu ^JaJL^Jsl CjLco^-aAl CjLajAs_a 

. Q1 3 \ iAG 11 <j-a 

Cj tjLuj l_tAuL 1 <La11 M \ aajI <Aa^Ju_u La_) J) \T\11 ^ 

4_i^j-a ^U-a^ jAI 1 jj l x^J CjV*^J ^j-a Cj 

I ‘GjL-yji _<_u La_s <cJ.^ <ju_u Jjl 2 <j) \T\II <j Jjj 

JaA 1—4X1 | AjIjJAlJ ^ | jj Ik! I ^j-a-i J • j*A L*A I ^ 3 jJLJLJU 

ollxL-u f JJj <j11oj media theory 

£ds*^ 1 ^ I J 1 ^ a ^kjLaJ IJ <^jLa .M> ^ ^j-cIlsAI 




VISUALIZING SENSOR DATA (*) 
oUU^JI :jl (^) 
the (M.l.T.) Media Lab (r) 


(i^Lk_s jUhll) electronic media A_ijJ jASJI iaAL-cuj ^ 

<^jl_A^J^La> CxAj -^J_<4 luJI <julxx5l3l 11 <La_ 2 xll IjljjLal 

La jjlc <j| (J^LcuIjj .JL^JI ^!&\j ^LsA ^Al (^. ^jAI Ludl^k 

^jl^-aVk JAXJ LoIjl^j <^jl^-a ^_2 CjL cu^-aJ 1 j uiTn 
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4_>jl_2yj Cd I 4 l JaJ <Cdl_<-a^-a_ll Cd L^-Ai-olij 

Sjjj-^ <a"s. x A ^Li ^-i^SIjJlsI ^5Uk-J CdL^jJ I JSLo — 6j_ cuLlc 

Laj\c <^jljlLI ^_Is 3jl_C ^j-o ^j-i-^lil ^^.AS . Cdl_t a 1L> 

ed^-ll <5_Isjlll ^.LLkj _S J-LL j-a jl_£d$l J_Jj_i 

SjLgJI cdVL^JI <_<_u^_sj <qLU1tlAJ.Ij cdL>LJI JjI d~y 

Jji du3 dS ^IlJJ JaLaWI dASJJ <6 jIj^JI CdLz^j J Cdl_cuLuS ^_S 

dllj Lo-S ^ JjljjJ (JLoAji _ <-uL La I . JlAJl jluxa 

^-S L^_j uji^£j-LIj <1_JLiJI SjIjj=JI 4^jJ L^-f^ cjl ^_ iaJI 

6d£- ^j-3LJ_ <_uj dsl_La t_S_ui^ 1 ^ ^j-d J <jJ_a 1I ^ If. 4 _SjL 

I £, iWlAiM <dllj ^J-d jji^l J .^JUlLI ^yd CjLsJlU j| C_3j£. 
jb ^ C5-^ LT*^ U^-^J jJ A A < 1 1J 

S^jLa j ^)l^-caJI ^-ojL^j Ij <^julaJJ 4_u-.uL<-u^M 4, \ \ \ 11 (JLoAju-uI 

— ^j) (jk ^4' ^ oljjilll ^1 jlSVI tjA laj 

S<lLlI j ^JLaci f .\jij ^jxiLjJI J^-Lsj 

LcJjlC LjlJ l_Jb UO. ^_S JLojL^.VI ^ jsJ LjljI jJl£- 

4_ll- ljjlA -<_oj L£ (Jj (JjljjJ Ld^jl 

jlJ uluVI 4_aJLaa_ll 4 ju_uj^JI j 3I 4_<_uljJ I^LojlA^LI SjLil 


w^bjjiJI j_u^_i Sjlxl 


J|_AiJ^fl ^j_^aJJ (j_a e-U_culj^Jlj Cdl_<-a^-a_ll LoJjlC 

dll_lA (( J^^JI)) J 6J_ LS_i CjIIju ^Jl I _ Li-iljjLsI 

-u (cjLajJI) «^VI» J «LlA» (J-^ji <Ly Al^JI 

lj_A t s—^ji Cy^J ■ Sj_sd^ (jL*-^ jLkjLi ^jIj— u 

JjljjJ ^julLlLIL <jljLji _ cuVL J_^.jJI J)S^ ^-S J_ ujujl 

Living Observatory ^rJ) j </r>jil ^jj_dLuuj 

jIjC^I «(juk» <_s-l[ (.y-oje ‘ OI (_)i>jl-ajjj 

.6jjJljLc <\» \ \L) <JLJLi ^_S ^ I ^JUU ^ 1c. ^jA, Va^I^jLsVIJ 

<JlLoC- < \ \\ \ Cj I d\~i \ d A _C ,JH 2010 ^.Ic JjloJ 


5jVj 4jlsIjJI (V) (^^jJI oijjJI ^Uui Lj ^K\l 

dJ ^XlIU J • ‘ d ^ a A < 1 4 I ^ I l i J < 1 \L ^ , ./A I ^ I 4»C ^ L 4 A I I , . . < 4 l <i 


LU 250 


i^jjjjLo Jjlj j_o < x as ^ _ un <^Lu_aJI 6J-A 4 L ^_S 

IfJ JJI_ -UJlA <£j jJ-^lQ I J> '**» i n i n 1 dlj .<Ojj-iIslj -G> L_LiLcj 

^^.S <l? 1jIjijJI J-axJI Jjl^j— ujlA J ^ 4j^ II 

L^LLI UUL jJjj oLca^-oJL 4jljlC 4jljl» 6j5Ls_> a.LojlAVI SJjJ-2u 


REDEFINING PRESENCE (*) 
computer-aided design (^) 
Ping-Pong (r) 
:j1 (r) 
track down (t) 
^jlll :j1(o) 
Tidmarsh Farms (•;) 
cranberry bogs (V) 


- u^l - 

GevsVvon Dub\or\ 

^-a\lA\ v_Ti \—aAaai j—CV-y^ ^^ —\\L \ 

ta^v^~s. Ca\^^\ ^_li\ ^gic. 4 .Vsa.4 CaA~y tAdVsiaW ^_yla_i_u^->l?±aVj-u\-e> 

. V-^-^~^ ^\ J^\3 CaVjuaa>-cA\ CaVdV^a 



dosepb fk. Pavadxso 

( 5 ^ Wa\-»_u^\\ 4^j\-dua '^\Hj_u\ <^ nn ^\ j\-fp 

^A\ > A 4 4 -V ~~4 I ! 'V\ I" A% 4 4W A C-J A-^ A N j\ \\ Ada ‘. 4 _ 2 i \ 4 A 4 A j 4 ~ 4 A A 

fe)j yAjall Ca\-m.~-wcA\ Ca\^. v >~n ~zy\ jSci ^gJuQ^-uul 

^iaCA\^ 4 (^jm 4\W d\jii \3 



^1 jUjJI Netscape Jlo lo I_l! L^j 

ol S is~i\A \\'\\ m dlljS <Cu^Jl 22I ^_S Sl^JLiJsl Cj L L \ 11 4 

Ld^.j jJsj .<_ojl_Lll CjL-o^J.) CjL^Lu (jJz. jlS ^_S (j-a Cj 

dlj^-o ^jVI —1^. Id^ S, isY\ A J—jjLuJ si Jl (J—<-2a_Sl ^j| 

(j-u^ll ^1 Lfil j ^— LjpdAJl cjLsJ^I 

. jLs-j^l 4 _u^Ij j lxjJI 4_ojI J 4_l^. CjI 1a_j ^_S j^GJI (jfi ±C*^LII 

^_o_coil ejLsJ^I dlj^-o iS^" <£ '_^ tTt ^ <^Ls_S I_ \\ A~\J 

oV jx-cul <uk LaaIL 1 ^julLG old^G_<-ul ^j_o <Unity 3D 

oL-a^-oJI I^3a ^^lll oLaLuJI 2h° cjIasj ^aIi s <DoppelLab 
Y\ CdLaj-la.il Jj^jj ( La 4 jlu ^L^jI ^j_S SjJ-laiIII 

^AlaJJ ^ <L_cajj graphic form 

j ^^ . ( ^(CAD) model oj—uuL^JI 3—j jjlou 

^j-a CdLiLuJI ^-a.'VJ 4_j^f JjljjJ ^ \ \L3ll ^.jLi < ^Lda 4 _j^ I_>J_La 

4_ujLuj ^LilJI <^JlJl 1 I a-L^jI ^j_S <JjILyll CdLca^-ll 

jLlL j^j Aun^ ^ \l~T\ iti \ (CLou-yj <^_S_iA^JI (j-^jJI 4_JJ_coL^JI 

^_lc Sj^JI ^LOja ^-1-y j| <Sdd^-a 4 jlL> ^_S ^IdSVI j^u_u 

. ^L^JJ L^JULjJI <Jl3lL 1 l_ALi£.dJL>l ^1 <^dll lUljlL 
^j^.1 Sj-p^ ^ajlLj ^ Jjj ^1 4_j^ Ja-jj J j-iLd—<_uj dilj^ 

^_a_2i- ^ 1c jjG J^_s : Id Jji _ca^Jj CdLl wll jj isY\ ^Jl isL-2sl 

aL yjI ^_S GjjljlII CdJ_<-oJI jJl^I ^ 4. a I ^ LS313 ^_ill Cdlj) x.^^1 

I a . 4_x^aj3 S a 4 Gj , <Lj_u Cj I d^.^2 L^J 1 a 1,3 jlu I ^3 < ^jul! I 

(r) j\j3a3ll 4 -ajjx^II cdliidll ^ xA A3 privacy <Lluo 1 jasjj 

^j-oj • I 4JI_<-ujl JjlS Cd(-ASdll dlhi Sdljil jii^ all Sj \^ y.3 _\\c 

Jald^JI ^_a <^j^_Aa ja£. ^.^l£JI Jl -yj ^1 ^lj^.^1 IdA ^)Ldj 

JjljjJ ^jlj .4 jl1&LlxlI 4juj a^>II 4 S a^>IIj LuL-yll a! aAsII 4jjl» 
** ^ ** a " * 

<^-t-iSLLI ^_S I ^ I \ ^4 ..a 1 13 c£j^- CdLsL_i 4juLa_a ^.a I a A 0 _^-a_i 

4^3 a Vi Cdljjl^3a l> 0^^ L>° 4-la^J dt-^j-i ^J-LI ^ ilL 3 unj 

4_ilaj ^jxULil-Aa die CdLLuJI S 4 jJlj ddl d^.^1 ^j-ljjl* ^jl j I 

. 4.3 \3U> ^\ \a SLl 24- ^_S 4jLA-y CdljjJ 2)^" ^ Un^llj <4 sl3 A a 
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J.ajt -11 <bJl 









■L^-aJI OLuJijJ j*J-bj 


1 (jc.rnl ^IJI <C)L 
bb jIla ol ui^.i j_x Ca Lb Udl ^ a^ \ (DoppelLab oV 
<M.I.T. * nil £_sLiJI oV Laxax j_s_ibx pL_ ajl 

ciiiuJj <i i i n ^ jjxb ^g-Lt ui (j rwij 
Lb Lila ^cboaaJJ jj_axaj .^-ilaJJ 
LUJ f—J j_XJ <c5 _bbxJI j_xjj| 

<jl£-x j-x 4_Jjaj jjxVs < tit,I 
<j1 ^-b l—a bbalaxj 

Jaajj .3JVJ j— iaVU Jx 

CajtxJIJ 4£jxJIJ SjljxJI 3^.jJ 
.CalbjiLaLa jjVVI (j-alluaaJI j 


6jLl jibLl (jxbbi <_jjjil I j| 
jjjllL b^au tag 
Cibaj 5xj -a ->. -a *' (RFID) 

J -a ^ ' eaASo <^lx e-Lba ^ 
J£ (S l£ (job-bJI djj S jJX 
.4^aj1 jx Aaj 


e-t^-uij LujJ Saijlx Olobx Jlla 
bjlsjJIj SjljxJI <Lo,jj b_»Lub 
LaS 

.^^XOlU t , **i L lo^-aJI 


es-bdl i> ^ J* < ^“ UI J^? 

joa^fl exfrill :bjX Jl Sjljx. ba.jj 
^^lao Sjoa ^b^lj«bsl j» ,^1*-* 

«l Jjb« l5 aaa JjjVI Lxfrdl ^ ( bj1» 

AA.J I jLs .« Jjj1» ^^Iaa bjj 

bj£ SjljX. AajJ jo jjb bllal 

Oi^frla <b jLulU oHuj jajlll bk.jjJ 
Cap < jiljll ofrUI Jja bbuLa 5jl 
blj-biV Lxjlli (jbbJI Jjjlo jjlj 
.b jLulU babJI jx 5jljxJI <Lajj. 

bjX job jjjLUI bjo. bbdl obLbxll olj^LJI Jib 

jlSl bijidl OjLs I jli ‘ JllA OJ^aJI (J^Iuia ^Jl bLbl 
oLn^ obbSl I jlj-LijjJ Oljl dojob 

.^xsVI (J jb bjila OljUI isu yJj <bJ-O bjoJI 


5_LLij <->j is*i \ 11 ^_sLlWI <£. j\is*> a Sjlj oJI 5^jj ^Ll! 

_cu-c Lfl-jl5LaL>j ^111 cj ob (J-aJlII 


CsI^jllL jjsjJslu IjJL^. 1 ^ \ a 6 Jbl_ uiajj .^j-oloJI ^bjLjjJI 

< ecological processes J).iil 1 L bLuolil CjLlLixJI qLco 


6b£.li ^Jl Cal alxaJI 6J-A ^ \a^\. _<_uj .^lil J_ 


L^^LstJu-ul Jobu-oll ^oIslLcuj ^jJI LblAbb .a ^_1c CataLu 
. ^ \ < 7 < i 1 Q \ \L> \ |J [ a ^ \ < ‘«Lj 1 ^ q! < 2]^ \ < <« 1 

r> J.lbJI pLaIxJ lb_LUJ lx CjUajlUiII 6J-A ^jxj 

^ a , \ eu lx 1 ^ \xj <bws_t_uJi JjlC ^^ 4 jjl v s CalblaJ 4bLaLx 

<b_s_UJ JC-Loalx j-J^Ub J J lS\ \ ^j-^b <^llx^ .^ulbJI A _oLsJ 


Lu-bl^jbl ^jlijlxjb jx ijlajJ <J1 xJUu-ul ejV (JjlJJJ_ s 

bsblo. 4 JI 0 JI isb-A .cbjjbVL (Jj_o2ijx e_aj-Ljjlo. ^ I ^x 

jlo-uj| A §\\ < \\ /^<OOu-oJI bLsIj^^Ji^LJ Iax^j IAUA bujlblll 
Cal^jbGj I"1 j < ^ I *_sLaJ^I dljj^-x ‘ AjLtbjj . bu-bl^ILs! Calblbj 


The Reality Browser (*) 
Radio Frequency Identification p) 
tree sap flow (Y) 
ecologists (r) 
bba_i_uJI l^_«JL»_a !j| (1) 


.Cal_<-uoJJ dita ^jx 6CalblajJI j\ n^.1 _ a ^jjjLjJI ^j\ aIij 

Cal_<_aox_ll Calxaa ^jLjlxjb jx (JjlAQ a <Jjla!L <1_alba bbj 

ojxbJIj Aa J^j-IIJ A ^jxilaba ^bab ^jJI 3j<1 -- MU 

TjLaXVI j_«X 

bjjjC AaI 1 s a s^ jl jx Ca Lsjp a n a <CaVloJI 


^j| ^Ibb <blLJI 6jljV A _IIjlS Calcjij_ lIixj ^xl^a bbj 


l^blajlLLa ^1- ljjl^xJI (J^-ca -tub 

laiLba CaLco^-xJI Jj^ju-u J/uO. ^_S <Cal^a_cu ^Jx ^_lc. 

JL-ujI I ^ a a*N a*sI ^b5va lx <bLLJI jxjjb ^jx jb jj 5j _c<j.A.b.i 

jkilj <<jLajbJI jj_lUJl J-SjJbj _ cojJI Caj-oa^ — Ca 

( jj u^^^s.11 Ibj^lxj ^_11a. a A aj . j^w. ..jlui.II LT^" jl^l^- 1 


J-Sjjba CaxujJL^xl ^jxb _ eujj-Vb Lx lx <JLxlaa. ^_S ^j-bj^l ^.jLlj 

Sj^ja.1 ^ 1c. JxjLtlb 6jjlaax jjoj Cal _t n^s. a \ ^jlijlxjb ^jl jx 
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. 4'ui^ 4 \x \ Jj) Ju — — Udlil \ 

^k cjjLg 3j^J L$ -k 3°J 3— H^±$ 

jl M 0 VI ^k (l) *| j_*jVJ 3 _bliiJI oV-xidlJ oL-ca^JI 

<AjL^k!l < m V 1 <l!j Ls-qj dlljj /n \r,l < i < a oLjLl^L 

4, \Lc a _ (_oj| jxil j^cJ jjl m"v a 11 ^j£. ij jL-^JI 

duj^l oj-^-> j-LG j . sensory substitution ^ui^JI jjuJL 

Sjjj - neuroplasticity 3 \ u<~\% 11 3 _Gjj±ll Lj^. 

— &JjJaJI Cilj-kJsl £-o LuLjJlS c a \\\ 11 ^k _ lXulII ^LojJI 

** ' JL 

perceptual- L$ ^\jjVI (J^kuk I cil jt"\ mVI rjL^i j_Ja 

3 i < ll» olj—L^oU level cognition 

oljls (3-0^ <j£- JY\Yi LkVI 

La <dllj • LlJ Sjj^jll ^jxil_cok^fl 

oK \ xT) CjLLu (j-U <Loj cJlj 

• <_>J_CuLjJ I 4 \ < n ^ 1 1 J J 1 ** s 1 < n 'S. t I 

CjLtkaj 3^k| ^yuuLLa 3~° (jl JJjjGj 
3_SjJ»_o dl^ljuil 4-U-u-^Jl <jl*ju-oJI 
4^aJuj . ^£jjjll (_£jl 4 jojl1I <JL^j J-x-cjlS I 

3 JjjV-1 4_ LLII 4_ajJl-^JI CjI _tn^all 

JjlaJ 3 ° <CjLLjjl 1I _kf 4jLaliilj 

M *-» < Google Glass 
t LiLfol jl^ ^k. <klL cJijL e-Ua-cuj jjJ 

— LlS Leu — 4ka CjI J Cj Lajk^} 

(^Jjjll g .x 'Vn O^) 

. ( LoJUi_cull jl Ju <SjJj-a> ^£jl 3“*-° ^JjlJ 

jJlC J^G ^uG CjL^^LH 6J-A ^jklj 

(Ju <<_(Jjj-cVjL^ k 1 

‘L-cu^Jl 1 Gl ajL\ a ^jxi^c ^-k <<L^cj-° 

c^illJL LJ jTC.a_t.au <jlco^JI LjL j)l^\ a a 

4 a tjL t 4_ jLlII ^1 3L-G_cu^l la_Lxkl 


Jj . 0) 3^UI 

^^ ^ a \ 



4 -v \,,. 11 4uujjuujjll CjLuju^oJI 1 ^ La^h oLLuj 

^JcaG j Oj _ckl _C jLcoJI CjIj _ca^l 

u uj . ^J^sG_ (ujloII j-Sj-aJJ Lsua dlljj ^ 1, \aioLj 

<6juJuljLa L ^Lccuj 4 ^ \ < ull 3_$-^ jjkGll dLlkaL 

jl <6j \* xs*> 4_xL> I_a ^Jl kk _C f.\ _aLcoVI jl 

ol^-csa^l ^Lccuj pill 
CjLLuu 4^juujLa /4 \ < Al^al ^Lj cJ5j- 

. (Y) 3-^jJI jk^VI JMk <t S>ll c> c 
£jj—y> <r) t 5-^-ii 
—lJI (jjs <QUj 

^ (J^jljlta ^4 jljI JjLa CjIajulLj Jj}.uaj 

jX^Ju-aljl iGljl <4 jI _<ka ^Uaj JLajG_cul 

jll Jj_ J-Gjj <Cj1 _ uju^aJL ^^lil 

J^.lj jGljukl jl 6 Ja .xu^fl j) CjIjjuJJ jl 

^AindlJL j4jl£.|jjJI j^Ju-aljl 
Ju^ajl 4JLaAjLcul ^jll ^a oLjjlcujII 
^ <L ^ CjI_j! xA vallj Lkcsal^sJI 


4la ^x^al 


^ *\ j-o^aJI 4.1 —luVL J^lxj CjI j— xalS 

Vi& ^SS^) 4-^aLJ iLlo > 4(iWi CjL<1^aJL> ^-La .h «i 
. J4 vaJa ui dL^a ^Sxl (jkju2?i\ 

<La.jj (Ja 4uaJa—uJI aUXI Sjlj-a. 3_a.jj oju^u —a. 
Sjl jA. 4^jJ i _ 5 -U. aLd.1 iaiL^u c^aJI djlj^. 

.^LxJI Jl^la 4uulu 


LjJ^3^ <CullaJ I j| Cilj-kJsl A Si L ^lla <4j^JLaLuJ 

^j-a J^JlU cJjl^G p 1 J J s LJL^ L:lJ .4kjG Ls L ^jk 

iLUJI XJU-culjJiJI 6jLajLcul 

£\jj ^^k ^_a <CjLo-$- 1I (^jk lT^" ^_ijkall 

. 4 jojJL preattentive connection 4 -Glil ^L-aJI kLujVl 

^1 Jjj^U iLL 6j 6j ji ^jlkaj jjSl! cu 

4jJ 1 ^al 




AUGMENTING OUR SENSES (*) 
oljjijj,.u^JI :j1 fhydrophones (^) 
the digital trees (Y) 
the Living Observatory (r) 
wearable sensors and actuators (i) 
extra sensory ( 0 ) 


jkL (j^l—^Jl 3 ^ lj- 

(jxuJj .J£-l _cuLaj ^ 6J_ lu jl 

4 jLjJ 1 6J-A (JLlSLjlcuI jj)Ijl^ylajLcul 

^la v jj"^ J.A La v jjjAJ^^ !4_LajjJl LL^ 

Jjl 3 Yelp ^ _L 4 ji _ cuLa jx£.lka ( j£. 

{J\ L Ljj LlkaL C jjiycuj . I 4 JI 
J-A Ja) j^kll c> 

.iLijll ja£. 3 ILjj (jl Jya (^3^ t-^-Laj 
^^jJI IJ-A JJ c3llall 4 ^L^j 

3-^ jLkll JjlSuJI (( Jj_3^ 

jju 3 ^ JLSlGMJ cjI jLkll J-coil 3 _» 

LLp.1 J-ojG_coj 3_^Gj .teleportation 

1 aULi^. cjV LjjLa jJuLklL VI 3 jlLjjJ c^V 4kcu j 

lal.Lull jJ^LLa 4 jjjj 3^^! - < “ u 3^ - i - (J ^-k 

_caJj 4jJjlalLj .4 \L^>V1 Lllalj^ V-La jJ^ I LuLjk 

LLj 1 3 j a a jj ^cAjLj ^j jx^_cajj| 3 jj-^Lujl 11 JkJJ 31 3^°f 
•3e>^l ^5-L jGljll ^ CA^ ^ t ^4jk 1 J-a &Jj»xu 

^l-Udul^^ j-ijJU 

taJI ^jk Ljkj 3kau 3' LJ —^ 


is* 3 ^Gj 3 ^ 4^jLJI 4^jil ^k 3 ^ 


CjLLj j-a j3QU 4_ uLjIj 3^1 3 II jL -LLlG _cuV 4^xaijJ dll j 

31 ^J -31 3^oj 3^11 »—U cul J^JI I Ljjlj . CjLau^all 
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iaajjJI ddLca^aJI dd I j i 4aalaJ 1 \*\ I a ti V 

(J a^Vi \ laa_2 LfraJ.AJi_coa Cj It a < j a ^ If. 

(j-a Ijl-Ju JS daal3J . iaal dll 4l \ is*> j) \ 

4_o_l^a Lala..^ I^ IjJ Jaa^Jl a \^ 


)JJ> 


jSdiU (j-a cauaiI jadl^ oLuia-aJI J-xa-'i laaSfc 
jla <Saaaa Olaaa ^gJI localjlsl JliuaVI 
iAlAA (jbLA jU iia (j Ua 03 «(jVI» J «laA» 

jjJI ji.j3Ji_coil -U» aA I jt_2 f(( V)) 

^-JLO^. Lftad * ^ ^ T ,d 1 3< 11 c U , ^1 1 d ^ a d , ,, a \ 1 t LlIaja £_ajaj .<-Uj)A^ll jjLcoll ^ja ic.ja2aa> (j^A ^ja <^Ja3Lcull 

. da la La <JLcojl ^ jll Jj Ja^. ^ja a .3 4juI jJI ddLca^aJI CjIj-a-^ 1 Jloda_col Lu^ i 3"° djLojlall 6 JJi 

^1 ^ja CajuuJI C/ *aa c_2j co Ja^ ^1 < JlaJI iaaakaj Ijf^ 4 jl3a 4da>La <JujLoJaa ^ 4_pJI ^aalcoilj jaj&LJJ 

cila 1 Jaaa . 4jla3JJ ^asualsJI ddJ-coJI jjl a.ta1 L^IoJjlcoI 
JoIj-aos^I £_o —coa I Jajj I Jajj dd I Ja dlalj ^2 4aaL Sj—J 2 c 

.4.21_uxll illkV J <3.jja ^jla_coLco^. dlaajl (j^J <&J_ut-aJI 

C.aAa !aj_aas ddJLa_coj <JjJ.a» 4_ic3 ^ Ic. jjlcoa dla I I_c3a I jj-coa 

j^akJI Ja^ll c d 3 -& . x n j jU-3VI ^Jl j^kVI Ojkd jl <*UI 

jJlcuA J2 <JlclSjJI CjLojIslII Jill aJjJ-uWI I JJ& ^jl .<11^11 ^-1^1 J^C- 
Cj I a aJI Cj iaLaj 4 aj_aaJ I laa I .o^laa a (j>\a ^jxlLuj lalaajI 4 aI Jj I 

(jl La Ca2j ^ aVi\ cJij-cu Lai (jlaJ) aalclj -4a^a—ulll 


6la^a aTiILa 41a ^11 sensor nodes Ol S& jaua^. 

jaaaaaj (j_aJj • L^-al^a-A.1 j j_ qIj^I 6 j-A (Jaa (JlaAl a aV 

O2ala JA3 <4aa^alij 4_il2a oLjaca ^-CJa_cua I Jj^^ajja 

(JaLsiall 6JJaiaa oLji^a 4_cul^J ^Jl ^JLslII * oLcjaa^a 

4^1^ 1 a^a-a. a7i ^LUI Jja^a S& < ^LLo3 . 6jJlaJ.I 4 K Anil 6 ±& 
jLlaJI 4l dljJa ^aa < L^jl 2 jaJ^aaall j 1 4aa 4a jAa ^ lc jl^aa CjLLu 
Ll&j .4*^ n aT> 1I 1-^JjaA.J ^j-° JajL* ^jl jl CjLLuJI dlla j 2 a Vi ^ ^jl ^j<\a 

^aJI J a^ajIIj aaV JaajJ ^aalalll ^j^l^.1 ^ja ^jl j\ -cua 

^_S 6 j-A 4a_casj_aoaaJ I CjI lcI Ja j^Iaj Sjj^a_<_u 4a_sl ^a 1 ^ ^ \ K 

CjIjJlsJI c_2l_uj^al . ^^jlLo oL^al jaaia-l _lAfrll 

^j>\aa jJ2j .4a_culaa Jjl^. jlaaal J^aaia 4aa_coJI Cjla£.( JjJIj 

^_S ^al- uj Jjlia] —uj .E> l^a CjUaj^aj <ja LJ 

4ll_A_ua ^^j_aijJI ^jl <aaaj^ C ^Jl [^a^jLlI _o^fl ill^J 

(laxa j caa 4 1 a^ ^ 11 JJ^a la ^as (JaLuJI ^Juaaj <4_ 1 ^. 

jajlajJI ^jl J-2axa <dll j 1J-C LojlSj . icajpLo ^aLaaj oLjala ^_2j 

ja_A. jj a^aI 1 4_2cj)^ 2 II oLl^o^ allj CjLjIjjlLI ^_cuLcu^fl 

.4 w.rA>j) a^^. 11 iaLsJI Cjl^L^-aaVI 4_^a^.l^a ^_2 4 L a nj 

J^l^al ^jaalaa ^ Jail IajjJjLo ^_2 _ < - u <^laa^fl 6 j-A ^-2j 

.CjLca 2 A-aJI 6ja_<_ua ^Jl-C ^_2 LjJaaM ^all 6JaJaaJI Cdl^aAJI 

^jl s 3 ‘(Ja^a_coil (^Jj^a ^jjla 1_2 jlc ^ \1a 1 L _^aj 

^jjiSaj L jL-oaa. Ij laalaaa ^_2 j,^ a^a n CjLLia ^1 Jaa I ^J\ ^\11 ^ja 

i_iil^JI 4 _lLLlaj L Jjtaa I CjI^ J^fl 6 j-A L>43 * L^-a-° 

^ I Jj) aA A> <( Ji| V <ja^1 lalsa^a^jlj < laalaaa Ljaxaj jll 

■ . LJ^^. jJLsJI 

DREAM OR NIGHTMARE? (*) 

oUjJ :jl0) 

<jil_a_Ljlll :jl (Y) 

_ Sal jacuMJ ^_al ja _ 

Rainbow’s End. Vernor Vinge. Tor Books, 2006. 

Metaphor and Manifestation: Cross Reality with Ubiquitous Sensor/Actuator Networks. 

Joshua Litton et al. in IEEE Pervasive Computing, Vol. 8, No. 3, 
pages 24-33; July-September 2009. 

Scientific American, July 2014 


Jalaj .‘JalaajVI dll J ji^aa-u ^all 4 \ \ a^aC j| 4a_ 


. implants 


t L^aaa ^all CjLijJjlII dl_Id^J <CjI ja^acall 6J-A cjj^ (J ^ 

. l^-L^o J^al l^aja <jl V < daaliJI iu_aaJI Lalajlsaui ( ?ja 


j i^jxilall ^ja jaail 1 2 ^ ^all ^LlLc^j ^jJI jaJLsJI jJaa 

lala .\ LuL2^Lc j \ ^aJt \ JjA_^_2a 6jLcl-2 la 

4a (_u j-aJ 1 4la_2ca la jafc ja^l (3^ Loj .j_^.VLa LJaA.I ii^Lcj 


.d \ j 11 \ ^ • <^aa 6j_*a^ CjLlcI Ja ^ja ^1_AoiaaVl 4 _ojlo3lJI 

CjL I j- 2 cl Ja -s. 1 6jaj£. Jal^Li 4_oa I J a \ laal^ <dllj ^_cj 

.isL^jJI ^Ja Lja^ 4a^la-oJI T^la a^a 

3a> CjLc jj —ulla J_^.l J la—cu ^_2 j < 3^ dU^ 

1 a aj 2A. ^j ^aj-t^aa ill ^2A^aj 1 ^-cuaa <^jjjaaj^aaV ,M> ^13 < 111 aC 
6 ^ la^ I LlLo a 11 I j\ rv a^-a j . ojV L Jaa ^__ia_ 2 ca ^_2 

4aalcli c3l3a| Jjl^a^fL T)j5vj ijl\a-Aa 2 ca JS ^_2 la -s. a A 

dJ^fl dh° l aA \9 _^a ^ jaJI lliLc 3 ^ J -i!^ _«-« J J— coja 

CjI _co^-allj OJ) A^>ll jjjlaaj j ji j_coaJI 


3 b ^31 ja ^1 ^^2x3-3 j-aka—cuaV Caaa 

J 2 ca ^j| < 3 ^J. ‘ LulIc. ^j^dla_<_o j . 3 ^Lc| j- laiaa 6 Jjja da jl^ 

•C5^ 

3 L_coll _coa djl_co^aJI J-S- 2 C. JjlaJI dl _la ^ja 

<3a,W-N> da-v> JJ j . La _3l ia^Jccoll djLjlj^Uj 

laaL^al 3- s J-^ ^-0 JaJLa daal3 laja£. _ill I J_A ^ja 

ULd3l jjaaj d < -v ^c_aal_ 2 a 6 j^C dJaJ^jLcol _2 tdJI^acco Jjl 2 
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£UjJI oLxjI ^ jjja jjS 

A \ & ^\W ft 0 -\ Ju\\ d\ y r\ \ A C\-^ d \ Ac ^ ^ 

Mj\^d\ ^A\jA\ aX\ IksA ^\*-rv> jd\ 


jLj_L4iu .M ,G> — < 0 . iij_) .R> 


GlL^Jd impulse 4_xij jMLL .V» Sdiji-o <ueLj LM_L 

^j-O j^ej-ll ^j-lej .<031_COoIl .J> ^JjLail <L^.J GjjJ *JLGi_eul 

< c jjleoJLll> jjjj^jl >_al a hVsl dAS < 6j 11 < 

5jljL-Ol 2 jya l V\1 is *>j ill_<_uj c_al t^L L^jlj _eu I j_o I 

lU^ o' UJ J 0^-b ‘U>^ ^ 

LjJ^J Lc j) ^b. \ 3 . (J l. JUL ij^ I I d-& ^gJJE-O I 6^J 1.. x Vl I ^ | 4 J LeujJ I 

Jiidlil ^Ul Jal_colli L^_j jljp <jlLj^JI LlK Jfl 

u-°j <a>*—^'> iGjdla ^ ^ Cy> 

^ivl j . ^1jjj^JlJI YrVends j^dlojA j-LlLoj 

£CO^j^l ^Je <J d-J^l-S <dJld jl jvG\H ld_A ^^-le C_3j_3LJLJ 

LgJlS J ls~i \^JLi ^I-ll dilljj^lll <j)-0 -LlA _call j)_0 

. Vjl dl-3 llxlc < ^ 1 x^iC code ^*e Lfl-I-U 

< \ \ X^a II ^jl ^_lj <Cx£* jLJJLX - i l> cJjjL^ 5ju^i_3 jJeeuI 

^cjlL) CjLlI^j I LijJ L jj I £-0.3 Ca ieoj 

< jxh Jl jya Ja£. 6djAil -LaLdlu J \'y x <n LjJ 

I J_A Jjjjl Ljlc (^.1 IJol 1 <_id^-a 6jj) 1 LaJjS jJi call djI-S 

as ^1 cjIiIaiII <e 1 j-LxJI _c 

jl .LI_Julll 

6 Jj& U ^ L 5 _^ * J® I_I IJ-A J i Ju dUd^j < Cj I_I 

^ \ is~iX II _coil 4jde ^ILj I Lo JjiS dU Ij CjLulIjLII 

V JLcj^fl)) 6jLe <JU.l^ .R .S> dJ>ljJI ^jlLu-uVI 

THE NEW CENTURY OF THE BRAIN (*) 
.L^ ^ 0.4536 = (jijUl) Jl=^l (^) 


(I d-i a nl I ^-oJaJI ‘~k ^ jJI dO"^ (^ A ^* il ^ ^ is —^ 

^dJI j) 11 dild (J-ae <_dx9^ ^ s ^Lclc _ 0 

jJI JaLijilil IjjLa _dlij (JUsjl Jjij-i 

^_le _ *liTII f. LcJaJI d-id^dll dsJ j <v< J1 die 

olHKlI ^dJ jl^JI ,1 x^SlA^ _<_ul jJlC il^xil 6d-A 

^_le Lole Gl jA JjlsJL (di S&j . 1 j^lG <jl^JI 

L^LlJI djiLtxsj ^ _Loj^J ^_a ijf\ _l^LJI 

Sj^dXI dJ^jdJI < 11 A^>e <jlL^. 302 L^dde 4 _\ \ is\x II 

^jJI (j\ d j; .the roundworm ^CaewoxVvabdiViSk eVe^aws?) 


dJjj C |X^_S djj jjJ 6 djd-II dl!i^-LXJ^I 6 d^J ^jILa-JI 

Ifrlo ^JildjJI (yA <dljj_call JaLall c A ll ^ ^ Ci^fLxxG^fl 6 d_A 

6*1 llljLj .^jxj _I^JI <_cujLaxaj GdAI-ll Jjlc 

neurons (oLGj).u^* II) CjLG^j^-JI i^l_Gu. 1 jiGI ollLj 

. dljJ-caJI ^ 2 )-° GuUdo JaLalG -Lalj-ll 

die dljJ cal I j Ll^.jJJJljJ I <j rd -LsJ I j <-c li I ^_S <: 1 ij)» a^I I j 

j_sjIaI LlIaI jj ^.^leVI Jll uj j JaLIIIj (j \\ < \ \ I j lIuJI 

^_S <I_)L*_c dlljuft d)l (J 5 "l| J ju -G <J»jaj_cGi Cjl^.^-ca-o 

Lcdle j I < IIIj x A jjl-loI Lcdle lllidcd I 

^jl I 4 II_CJJ ^j-C GjLlGVI 6 d$-S .4 julI^.I <jlL o 


4ju_uLcuI (^gj}j) Id-1 a..\ cT <gjL^J| illdlJI ^jLi LeUkll ll_sdl dl^)II 
. c-uj J-L-Gc ^Likll j-Aj <^Lodll (J-a£- GJlls ^>e 

J Leal I jlJI ji.de J^kill JGJ cal ^lll <JjLO^fl J 

dlllA (_ 5 ^| cdJLAd ^_ill cdJuasJI <Jtlldll 5_caljdll dill <jJJ 


d-^GALa 


^!e Ij dll oil lid ^jLj ^j£- ob^LriJl dill <jcl1j i^-ail -oj 

. jl AieLodll oljldll Jalxil (JjL^aaJ 

LadJS ^axkxdJ <LaG_Gs SjjLiau ^jVl <Lald^|> Sjbl jkj-ii 

. OllIdllI <bdA Jjla 


^j^lGcuJ «UeljJI j\^i\ ddjll AxjIddiLcol <Ajj 12 i j ^UdJI (Jl 

.<ejji ^.Ix7n j\U.II IfrfrGj_> ^1 jliJ^I ^>a^I dra .1 

JjLojj ^J1 ^ Id dll ^ \ uai 11 jl ^ 11 oLaic 

■ Au-osjlII oljldll I 4 J JjluIu ^lll <IjjlaJ| JaLid jcfliGu Sdid^. 
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4-ojjLHI ^j-^Iji^JI < o— jlII uo.^ Cy^ 

firing o* 8 ^j Sj_adJI jx jj breakthrough methods 

(Jla-dVIj dljjVI 1 La_> ia^xil £A43 CjI_jjjjjJI 

dis • j-oVI jixj ^ < -LO^ ^^Jlj jljiJI J-d-aj 

j ^d11 f.Ij|j <jlo l^JI ^cLojJI ial-JjLj-lJ ^jL^-iLL^Jl £jloill 
c i a .,11 ^ < 1 o \ /\r i**< l * ^x * ^ a i I«>*s t ) a 4 1 <7« djiuJIj 
<juu-£5Jl 1I oljldl <AjlUj (Jlrxl Lo JjlC Cj J La£. 

jl jxLuadl :J JLO < Ut^a H j <Ji JUJ. V\H CjL> 1 jk> aAV I 

• (Jl9 * i * ^J ^ dJ jl A J jl J^-jjlII 

6jd_3 olj^.1 Ijjj da CjIj^ J-ll CJ IJ— * dl3j 


£3 


lix <jl£L-^ I_jI ll 


J-2^j 


^l_aj| 


'O' 


jJ djld 


jxlc <LLji> Sjld cj _ il^l JaaILj .cj!j_ 


ddil 


OJJJ-* Cy* JLsIjVI inlc <11 ^axj ^jJI j-aVI .^xjdl .^dx 
L>VdJI &j_a a \ i. ^jl\ ^_s ^Jl ^Jl jj_La 

^Jl ^ d <o Sj d_a interactions olj-dtt ^ djl dl J\ 

S^UaJliiuDlddl c- Laid I <Llo_c<jl> LojlS J_c < i d i ljdL>V jj£ I 

jl L^Ij^L-o jl I a Ijla 6 jl j =x < 2 xjji . emergent property 

VI LuLudV <Jllll (Jjuu-u ^Ic < La metal A \* <> lVi* 11 <JL^JI 

. ol jdl JI Clildj-^dl ^j_a jil j JJ£. (^/_> d jLlLo Cilj_uj 

<_>V i.^11 I_a I L&jLidlj ^_da «=*lj3-i 

CuLfllj^Jl 6 J cu^JlII <jjjlLII <Ju-^lix jl ( jjjI LVL dlLalil 

CjI aK J ^ xVm <JLVa-> ^ jJI Jj^JI ^Jl _<-UJ <>*1 1 C^dll 

Lajj-ulu <jjjlL!I jl 5_>V-<-^dl f-lj_<-u-S ^ 5 -^ 

. L^Jl-U La_L3 5 JjLlLLI Cilj3Qj| <£,j_a^-a ^_ic Jj < 6 jjdil CiljjJI 
d-° J—djj Ijjli I <daj| ^LajJI (jj — 

<jL>L*_a JVdx _a 1 -9 ^_ill <J_dljJI k II 

Jal did LaLaj ^jlC ^JiJ) ' ^ d_sl_S_a ^ I 6 Jj-La 

jl •-^ =l _^ ^^JijL^dll 6 ^j_a 6 j \ ^ Cilcj-a^-a 

J-ufij JVdx c J-° VI iljddl ^OxjJ -cut 

jx^-dl 4 is** a Cjl^Ldl 4_JLcLaJ Cj 1^ 1J JaLdu 

dsj . OLiJJ(jdlI cdVl jl Cjlda djia <^jLdu-a J-txiV-tJJ 

THE TV SCREEN PROBLEM (*) 
the Brain Research through advancing Innovative Neurotechnologies Initiative (^) 

The Human Brain Project (Y) 


^ftj.uJ ^UajJ 1 4jL-t_ul^ S^jLxa $■ Ldu 1 \ \ ^ \ L^j j 2013 
CjIdLUJI jjjJbu SjjL-xo JVdx fr LajJI 
the ((^LojJI 3 jjLLa» IjL-ddxl t ^S > j^jlaXI 4 i II 
^x^i*JI j^jld ^1 l ^jlju±a ^j <BRAINInitiative 
.<LaLij|> ^jxULJjJI LV^J iiilill 6^>ldl ^-S 
f'L*-! 03^-° 100 C5—^ 

^_lc jl2 CjI _^J| ^LajJI Sjjl_^ 2014 

La-a j \'\\ \ jl J£.Li <JL£-LajJI LVddl Cjljldj) Jjl^-cuj 

d^ld-a (j_a CjI jLdVI J a in ^-Lc L^jijda _<_u 


Ldtl 4_a-ajLa ^LajJI S^jjLxa Cjp Oxj . 1 ^ I \ < \cLa J 

(T ^j< <j 11I 1-4jJI ^^jdx4 JjLa E jdUI CjLVjJI ^jldx 

jVjJ (2x3^ 1 -6 _£ ^-L-Cl \ ^^JJijVI jl_diVI dj-aj _II 

c_J3-Lx.Uk jJjL J ^Jl ^-ajJ ^jj-Alxa J-AJ ^1^1 -di£. 6jl 

_djui dlkA <dJj cdl^. ^j-ll .d-al5xj ^LajJI ^* 

<jfi. A-^> 11 L^_sV-la| jd A _ \ \ is~iX II jXjlsJI ^_a _^.1 

jLaJUu-uVI I J-Aj . Jdlj_<_dj ^LLJIj 

ejjjaJI JJLJ <JLal*_ll CjIjjLlLI IddSId J^LajJI 

<jdajJI oL»J-ljVI ^-1^- l-^-aL oJlAI c-s-t^dl ^_ill duljJI 4 jlIIjlII 

A <Aall > al du^l^ djjJI ^LaJ-t ajVI^ 4j jijdll <^UaJI !(JlLa <LaJi>l 
. jxj>\ II (J-coL-uj J-iJ_2xjj iLjdl 4dJdl j ^jj-cjjLzxJI 6 ^-^“ IJ 

.jl-dLalj j^LajJI ui^-tlu j^J^I l-d) i_JUj V 

( jLdjJI 4 jJjLJj 4JLujl4 

jX^_La 5_»_J^LajJI I_»Vdx 1 _^_j ^ _ill A _xd5xll ^jl 

<^xl^j jd.1 JjLa-a j_a| j| — jSdll <_sJt-<-dl <<j3 ^—<-^dl > 

01 ^ ,> ^xJUll Ld^ljjl Jdid jl <<^ ^ k xnll IdjLdi 
A \ xs~i*"\ _ula 1 ^ ska's Jlj-iV — dl jjVI <-dj)\ is~* t 
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— <ulaJJ jjj—dl jl JjloI J-S_<-uVI ci^-LP 

5 _JL-oj£ SjLlI JL_uj| ^LI ZjlJ* j-^o - the axon jl j^Xt 

. Sjl_<Ju^fI JLlil dllj-» jXJuJ ^jdx^fl CiLjji^llI ^Jl <j 4 _a-a^Lx 

LlJL^j OJ^~* 4 jlJuI -L 3 _a J-^Jj -LL-Joj (J.x^j-uj 

<< 3 jJ| ^JL. ^^-O-Sj _ t ' U ^ ^ < 5 L-^. <JLjLlO Jjl_ Ca^- 

pixel (J_cu 5 aj) Jjl ^ JMix 3.0 3$Jj 

> q « a 1 .<lLo 15 L _call <Ljj 3 ^ j^ 9 K Lj^J a _JaLiJI ^_lc 

—cojlj ^jVI ( 3 ^ih j 3 ^^3 <<L 35 -° < 3 jjLJI 6 jj& 3 ' <JJj ^l 
.ol jj 3 ^IVL 43 ) 3^1 *Lul j^LojJI 

^jJI ( £jlLJ 1 3 h° j-^-VI l 3 jLl!I _ 5 <J»_aljJI 3 IIjLJI Lol 

(clLI^j ^LojJI ^_a cjLjj^jlLI a~s.\\ .LI Jail) ^ _<-u j 

^LajJI jl_^ 3 J jl A _j jc 1 aA jl ^_g 3 

^ <jS^ .h><£. 3 LJ ^j_JI J^IUI (r) (EEG) ^b^SJI 

<jULlil CjI £=- 3 l»V <jJij—luaJI j^l CjLlJj aViC. 


33 * * <*<11 Lj ^^>11 is I_ lujUlII ^jjjL3 

3 ^ ‘ 1 t \ ^ I ^ ^N. 1 | | \ ^ 0 1 ^4^* < 1 \ \ t C~ < \ 


C S3 —^ 


4 0^.0" 


100 000 . 


<LljL^JIj Sj_cL-oJI 4-S._x_uJI (£\ ' ) 4_jj I jjj&V I ((pi ^.^Xl 

Ojjjl ( 5 l 43j-»_o Jj3j V 4_jL> Laic. <3^^ ^ 4_« 4 A 1 


(j'-fj-lb j-i^ u^lUIj . J-ojlII 3 c 1333-° ^>1 IL_JuL 3 ^ 

oLxklfi 3L ^31 - (0) (fMRI) ^iilojJI ^LiKixM 

-LLjjuJI 3^.a— <L_3LJI ^LojJI 3 LII 0 5JI3I <jjlll 

3a-u 3^1 J <5 j 33° ^t^jLa L^JL-Ux^. ^Lc3I pLxjI 

J I (I J A-O LlC 3-0 J A^a\c. 3$ 3 I L^ • ^ ^ ^ tA <_u 13-0 

<_aL-il •3 l5 | j000 3 _ 0 3j)^ * < voxel ^ J 


^jjji^lll -LLJjlIII ^ a n 3> fMRI j->j) A^aill 3 L <d!lj 

^ 1c. IjL: <_>3*L CjI^JlSLJ LlLs 3^ a<M ^ jj_ ujLo 6 jJ) iS\\ 

• oM-xo^-3 j U 1 3iJj ^.31 3 ^^ 

<Jioi 3-° -LI_£jj) a^i 3i_j^LJI 3■> _3Jj 

probes Ol ni^,i 33 _^ 3' A s j^Lo3l -LI_tlu 

.cjLjj^JI c3^fl j\ iA"s ^3-° J^-ulJI ^L- SjjL Sj_>j-2>- 

31 ^^^^l SjjulLI L^L^Jljuu 3 »LJI <1 _jIaLI 33 ^^ 

Lj£.l_cujLa iiJjjJI CjL-ij^-ll jL*-»l 3^ J* 1 I jLljI _lSj 

p-Lj jj j . J^<h ^j-oLLlU CjTA 1 ^ 1 ti l ^ljj ^.1 ^ L L-AjI 


ohj^^ll J_Li^lllo I_uL^. _tluJl ^-J)A ^\^Jt _<-L-a ^JL»_i (T) 

(j S « ill 1 I—31 i M l*\ 1 I 1 1 _L0 ( ^jJ^-<- u JlJ 1 ^ |J.~S. l^J I 1 ^ IQ 1 31 11 

HjVl < '-*- S s3- a vi <<iJj)l t nll^g ^LajJl * allla^J < 1 « ^j*^' j . "3^^ ** * * ‘ I' 


humanconnectome.org :jj& 
“electroencephalograph”J 1 jL^l^l (EEG) (r) 
the oscillating “waves” ( 1 ) 
functional magnetic resonance imaging ( 0 ) 
jLjlWI 3 ^ J »1 i*nj :jl ("t) 
large-scale recordings (V) 


- U^l - 

Ra\ae\Xus\e 


\ \ \ <i J>-«A- 2 k. ^3 1 


A\ a \ -^3 \ A\ ^\>\\ m\ <Caa s> 

x»3 f» 3 

.\^>oj-ft\ 3 a a \\V ^3 > ft\\ aj>_^\iA\ « 


u 

W3 


Geov^e VJ\. Chuvch 

1 o3jA-^ ^-*-^3“ i313^ cA-AA aVi— iua\ < 3 jjuj^> 

■^3^-ft 3^5^ 3-^3 t Pe'cso'r\a\Ger\omes. ot^ cj33-^>\ ^ 3 -° q >± j ~ i \ 5 a 

^ \ . y-s ■* \\ j , y-C\W ^ A S j Ml A\ M A IN^\ '^W' A'*"" 1 ' Ci\o\_li ^ IN . y-M \ , ^ ~^\\ 

L5j Un^ v i\ (j.A^W ^3 3 ■ \ ■ ,3 \\ 3A3 . A_^a^ 3 tAA3 a l ,A\ 3 ■ -•— W 3 

^jl*\ |J I 1*1 iQTi 1 1 mi aWV 


*% 


M- 


iiLjL ^3^ wlxo CjLj-JJI <s 3 a \ A^a II jl_^xJI A ole 

-LLiu Jjl^cuIJ iojiUI 3 :Lu 3 l 33 ^-^ Ij-lljl-^ VI 
^• 1 ^^ c GlqLL 11 ^1 < 6 j^l jJI 3 eJl^j^-l 6 ^ 3 — < - a -L ‘Lij^jjJI oljl jJI 
.<jlsI^juu-uVI i—jjlL^lj Sjas-LI 3>L-aJI -LLui 

^ lA J 3-0 Ai-Vn <J jLo 3 V-LI ^ <a!aJI 6 j-A ^ Ic. c_j _ IjljlL!j 

aCjLjij^JI 3 ^ Li dLLlli jl — 4 ju~VJja.a>1l1I CJ^L-aSijJJ <Ljj^. 

jjuu j .connectomics ( ' ) jxi5L ^ l$ - Clju A ^s JL juJlA >>*J 
Human Connectome (Y) ^jj-oJI ^ 3 ^ 11 3^1 l^ J jif 

^ <_uj_> 6 J^jlLI cjLVjJI l^-3o <Ja3-LI jxj II Project 

<<LjjjJI 6J-A 31 J_^ -5 J<t ...» ^UJI K. .V. ^Lu 

<-La!> —a_u 33 ^ 3 J ^jjaII 6jjjJI <iLjjix 3 ^ - L^-Jl <3 

3h3 (s^- ^J J I-^ 03^ c3 ^1^ -Lii 3^—Lil 

1 ^ \ C- ^ o77 ^jJI ^1 j_oIL_uL 6 >jtlll <JLJ Lj frSLll CLiljl_CuVI 

. < u a o CjI \IoC- 4jl2|jJLju_uI 

3 ^ 13 ^ Luj-L <CiljL3VI 6jjb Jjlo j^ a< n 3-0 3<o7\ 

Ciljjj L^jljjj jj 1 'N.Tj ^L^JI -LL3lll ^jjjLlL! LK 6 JJbXrw 

<3jlSJ 6 jJ) a^)^ Lol — <jlS Lj-OJ (^jJI J- 2 xJI ^Jl ijJbJI Cj L1 Vi 11 
jj) is~>\ JI O Ljj^J I 3-0 Lm_<_aj 6 j \k is** 4-Cj) o^. o Ja I_clu 3 fc 

^ a 31 3 jA 3 ^ 1-9 <^jlj_uI j 4 jl£.LoJ 3 LL -0 3 c <J-ol3 

<Jl£.LoJ CjIjI J Cul^ I jl Lo ^ Ic. ^3jJuJI Jj) A^ II 6jjfc 53 J 

^i^jJI ^j-mL i^-l i o^l \< <ij Lol .^JIL^. 5JU. j 1 J^LJuj 5JU. ^3 
cj I jI ^jL 3 fjL 3 ^ LJ Lx (jjyi* < fine-scale recordings 
ol ( 1 1 1I -Ll3jJV jJLiixJsl CjLIjjl^. <ii_ojl Jj^-I^ ■‘■A 11 5_sj_sl 

6J^ill oLjj 3^I 3-° 53iLlll iJL^UI impulses (CjLJlSjJI) 

3-0 l^-jJI 6 jjljJI 5 jJLlcuUI cjIjI_<-lVI Jjls 3 -° 1 ^ ^j -^3 jxj 

<_ojjLo <3 jjLj L 3 l 9 jl 9 ^ ^ ^ *Vi j2uu L j\cj . cjLjj^JI 

^^13jVI I j .a coa-3 <l5 ^.jLJI A _tidJI voltage <LKlfl « T J3H 

3-0 1_AjJl£. jl A^ill CiLjJ^f ^“Lo-coJI A _JliJI CjI^ 1 -^ 

I jj& J-a-£Sl^j 3 ' l-^j .<aLJI ^1 ^jJjJL <ju^.jJsI cjLjj^I 

spike (j jj lx j e\ \*\ u\^ 5 iA\\ <jlo jJ JH ^-L^. Jjlj-ll 3 _s3JI 
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( dJ 1^ 1 dll ^a Lj ^ ^ 1 1 L 1 xti a 1 I Jjl^-cujJ 
%80 JjCii _CUJ j-O lili£_0 <1_ aI_£j 

jJLJI <lalaL^Jsl <5Lo_ ojJI djlijijji j-o 

j\jLA d_ij • 3333 _^ 100 000 I_&ddd 

jl^JI j-o jLlla jl lj— j^.1 

■U Ann JaLAll dla_cuJI <djjJ ^ju-oJlII 

jJxdi jl JjLO_S . £• LkJ | <JLJ^d £"dLu j_aJ e_j jLlaJL d-oAj j 

jji^.LJI j <^JLaJJ ^_ aL^JI ^LdJI L aL A3 jL^^. < j_ ^3^ 


jo VI 4^i J^ojV dljjV fjh U 
4_auLa oljlcul 4_Adloj Oljlj -blcuA Jj-oj 

.OtiJj^UI ^V1 jo 3-»^SLo JujMuj ^1 


(Jl 


.LL 


Jl jsJil J ^ (jl 

CiLLaj j*\ aT> jl _a LulS Qa a~a LLAll dLo _coll 4 _ajjAa 

d-AI J_A I ^LLljJI ^ld Liddl_CCLO ja Ad^X^I jJ>J) X-AI 11 

(r) ^Lirdl ^dAJI ^_2 J V I < <JUU-Ol*JI jXjlsJI I JL^-^.1 JA 

.d->L jj^jJ) j_a SjJljA djld ja-^a 4_j ^jAlI ^£dJI J-c<djiil 3 
jlg-^Jl ^Lola_a <5_il Jj Jjyyjz JaLixll die_call 4 _JjjAa j 

cdl_ un^V 1 j^Li jjAi djLLi ^Jj <^.L^j I^JIjL ( 


£ 


<<A.Li*J . dJj_cull ^LlaL ^_dLd-!l Jo l_cull I jX^Li c 

LI i V« \ 1 1 ^ < >-n \ I 4 A A , ^ I 1 J M ^ II j_£ is \ vW ^ | I I 

^xJ) WiJl^Jl j-iJ) j/'Ts ^jl . J^.1 j O-Sj jLs_i I 


lft 


xxjl 


jja t —s ^C- 0 -<-kJLJ^f JjJ _Ju <JaJLi J-OJLJ Jl j-»V ^JLJI 4 » X A 

CjI^)LJjVI ^)jLi L-OlJ I j i^j-cuJI CjL jj^jJI 

A xLaJI ^L J^}\ Jal ajjlxII jLo_k.L 1 <L nil 

(j->J-ll A _II I_i^J^jjjlLII j_u-oL-ojl^.1 ^.s_<_ujj 

^LjJlLIIj CjLSIjjJI ^JLX^L-<^Jl^.I (^.Gl-S. 1 'L _Ll*-J 

-LsLujillI J^ Uil ^Jl *bj J-s~> Jl CjLljlIjJI {jfiui. a^j ^Jl ^Lloj^JI j 

Lt-i<< \l^ II auC 4jlLJ^ t_ sLJji^jLcuI jJLC 6 j-<-LLlc jj^jJI 

^J-O J JL *^ ^1 ^1_Li-^^fl ^jl jl JJ_cJUJI jL*_ JjlLcuI ^j^- 

LoI ^jj 1 ^ — 4 \U1 qI1 oLJaIJ 4 A~a\ _ojI <juij_t^Jl 1 ^ <^s\\ 


A _ uj£- ^jyC\xA 4 aSa 3 1 ol9_^ U* 

J_a-Ol3| U* (lf^ A S — 5_<_uJjl^JI 4jaljLi 4, \ 1 ^ 11 

jXJ_uL ^jJ! 4_L JjJI 4 jl12jJI 6wi^_a . jXJJU-aJl^JI j->J) isA\ ^yA 

^ILxLJI 4>^oj j _i voltage imaging Li —KJAJ1 j_j^ uajJI 

cJJJlP J^l la Lilli J^_<-uJ *—^11x11 4_il^_J 

. L^-Lo li) 4 \ \ x^sC 6j IJ l ^ 1a Jl\ I CJ Ljj^jJ I 

J—J 

J I L^_JjJ JJlJJLJ ^ Lu-iSVI I JjjJLJ (J | _U i XAJ^J I 

t —owj LS .^jJjs^JI 4_iLxIi uu I ^j^.^1 1^ j.s\\ \ x^s^ j 

6J-A ^L^ ^J£. ^yAuJ^A LT^ ^l- i - ua ^l jS^jLi ^j| I U^jI 


silicon base (^) 
Janelia Farm Research (Y) 
spontaneous firing (r) 


^y> jj^I (gj .1^x3 oli prototypes ^_Jjl ^jL-aj 

Jll cixyzx jfr\\ nt J100 000 

i_ S^f I Cj Ij-JjJlI L^<J I Ja 1 xt<J I J^ikn I Jj L_<_uJ I 6 J-A 

jlj-OJU-U^fl LJ £t_o _CUJ L_<1 Juljj j .^j^-*JI 4 j^ji_ Ju CjLjj^jJI 

Lj^Ij ^JlJ ^jA CjL j 4 a^sII £_jlo^JLj <j 13UI 6 J-A 4_t_u JjlA ja jLTi s 
^LJ| t— \\^l CjI Jjj _ JiSJVI ^La j_ \a is~*\ jXJ ^yA J < jl _ 3lWI 

^yA 0 <Z A \ \ dJ 1 ^33 ^ 1^ I 4 J LLI dll4 -V , , < w? i. i 33 11 

^ ^ 4 1 j <the cerebral cortex 3_^£LajJI Sj nV4ll jl 


wlSj . L^_aLoC| ^J| Jj-t^i^Jlj ^LJI j-O 4jL^.^Lk. 4 jLlU 

ljWI cjIj— uL£- J-y ^—«-uj ^ic jjjjL dJjjWJI 6 La J 

3 ^^^ixJI jl LlaIc j\-^. ^A -ijJsl Jjl£. CjLjj^jJI j-o 

. 4 \ I J^J 4 \\ L^£J 1 

-LLiu ^ CC\ jjL ^ j.^.1 VI ju I j jji^JV 1 JLjlj <_ul ^jxuJj 

cj! _cijLxJsl djjjLxIi ^ 1 j^ljL 1 lA \ 1 dL^_a .cjI_jjj^jJI 

Ijj j| .jjlLL-LI _II jjJI LflJa. \j!a j_ 3 ja djjJxl 4 _LL^JI 

jjJLJ jjjjLjjLS I_djLLj ^jJjLlLsL jjJL^X^JJJ lJ I 

4 Ini 4 \ 11 djLI ja^II ^A 4jl-sJI djLjj^jJI Ijj-S ^_^J ^Ll Jj <^L Icj 

.4jlo^jJI L^_jLl^x I^Ju-ujLxc ^LlaI 

1 n a a ~x ^A jj^> J_^ Lad 4_ojia_o LlaL-^jj 2013 ^.1_d 

^.aLlII cIa^jJI <djj-a ^A <<^jxiljjl .M> jxL L n-x diljj _Jl 

( Lldxj^ 4 _>V_^a jjjp a 7«I ^_a ^jlLJI JjIj_A a a\ ^^LJjlaL^. 

jjj iA\ * I a larval zebra fish i^Kr^A dLu-u jj ^1 j Vw<.L 

^jJI djLJUJI J^.1 JtlLltxII cIaA iillj .^LJI J-al^J y»^ 

^Jlojla J^^jJI I J-& jV 4 a \ t/^a 11 Ll^jJjjlJI j) \x^sl L^a ^ 

4^1 , AcA 4juLa_aj ^c_o_<-uj ^2 a j_oj <4 jlSjjJI 4jJLx ^_a 4 jlsL _uilL 

4->jxi 11 dxoL J_ij .^LJI dilj _a Lu <5J^_mj 4 J^.1 jJI 

1 \\ \~x ixLrxIl dLo_call djLjj^J JjJjlj ^ Id ijj_^ j_ll 

JJLA 4, A lA. II ^J| ^.^Ji_i_cJLJI djLjjl Jj^xJ did j_ IGla la 

jdiUJI j_o d>dx cJLlAj . djl _ jjjjill fired Cj— jl 




J o, 


LT^e 


4jJd ^j-oAll JsuJ_ ujlI Jilix ja JtlLlAII dLo_ 

djlLaJ jaj a sa\\ 4 ^L IjjloL <Ua ^jAa (J3\\ dj-ajJI ^_a 4_Ll^-> 
.4 jlaIjJI ^_a id.^1 j ijj)x^s Jda_oj 6 jL 1I djLjjjdJ 4_a_ij_i_xj 
jd1 ^_ ljj! \ld j lk \ ^iJI <_ad^Ji _cull 4, A Will 6 La 

(<dj-cujj>)Ld^x1 U jjL ^jJI j calcium imaging ^miILJI 
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-- 

w oL»^j^dl (joMa ^1 g-li.ua>I 


-bl—Jaj Jjl^— uaa g-loJjdl jSLoa 1 (j I at I - L2> jaijlaaa jjlala 

CiLaliaJI dj-Jb (jL-uj j .objjjaJI (j—o < jr 1 iUXI jl 

La LJli. ^jJI <&a£jJI jji.j 4,\\Jn\ll ^aljiaJI Jaxa Jaxa jl £j_»dadl 
.4a jj*a <LuL»j-uL-u-a ^1 .\ Vuxil eaibaa 


jg-liS j_a£l JjL-cuj ^^—11 L^bj 4_ 4 *. 11 ^j U II j_juu2>lu£LLkl 

ol jLuJjVI 14^ J£aaa ^^aJI iui-laaJI oljl J—II a^>jJ Laxlxjl J_ 2 i j 
t> dLaafcj .j-bd ^1 (j ^ ... u^c ) J-a a_AjL^J| 

Jl Jlj->V I (jiritij <j>li.\V'_uiVI jjs L^uajui CjUUxII 


Li ill JajJi 

-Lu jJj JLaX-Il.jI ^jis j - 4iijjJlXI jjlaJI j£ LdS 4.41"t-\-o Saoaax 4iuja j 

Cil j LjjlII Jo Sa a’j-iiu-a j 43L& j_»jliitu j-xl ^ jdLi - Jjuxuaj 

. L^Jauxi Jo o^JLt L^LxJI jaaxl ^ d a_ujii£jijJI Jo uijjjco JaalLuj 
aaoj_x Col J-LjjdSju 4iluaL» ( ^LjJI jl^oojjl a^aauj 
Lo.nx4 .(j\j. nd\ j4) <Lx,ja jo ajiuiu gjjx jj<"''j LoaJI aj \4<^ ^o Ja_»l jio 
Ljlo t Jill Q Vi4M gLiifc aLiS jac ^jamJlSJI Olajal jijaa jjjjo ^Jlu 
(j»xd\ j4) 4xjai, oljaajaJSjaaJI 4ilua^ ^aj»^l £^ J L5^1 

. LajJI aj-iiua <LLo1uj jia Lojat 4it < «ViSl j<Lu Usux ja&j 




djjl!l Jjlo < <JlJL_S <£j_J <1_ija-OjJI 1 is\\ 1 a^~x j\ \o A.rVt j^-oaJ 

SjLo ^j^LlJI (jxili^M £A AX *J . \q Jlc Q-3L \\11 gj) a A II 6j_ laj jl 

<^jlc j^ll Calaj a^ Jl jaJlc jj-a L^jljJui_<_ul ^xa aJajA 

^aJI ^Laalaj^ 11 Cal j \a~\ll ^j[ <j -cuLco^-a 


I ^ Lo^ .^ala^^JI <aibJI JalaJaa Calais CajJ-^a c 

j I <La JjlI^j 4aj) a Ac. ^LlausU 4a^al_a CaLoa_t (jl ^ ^ I 

^jj^a ^jl j^-oa 4 jlJl^. A Callaja^. _ jljV 1 ajuua. 4ljJt_a ^LlausLj 

«jl * t i '{\Mil (jj-S)) iala-oa —aLaJI ^xa—<_o. 


Listening in on Millions of Neurons (*) 
Voltage Imaging (**) 
DNA Ticker Tape ( 
DNA polymerase 
encoded voltage sensors (Y) 
semiconductor (T) 


alok (jLa <JjlsJLj -(jjjj _j_LI 

. *Lihl<S pi u\~\A gllaa ^ jjJI jjj-o^Aa <alaja^Jl lau^.jJ jjljJI 

jxla ^JCLa j/jijijj ^Lla^f 4 jl1jl^. <jJ1 ^jLo 6 a I j Sa ^^2a la^Lix j 

Jlo Ju-4ia Lj .^jLJI L^LJI ,1 ,t,f. J^la Jl <JL^I 

4zxjJ jaaia ^ Ic. ij jlc jc_a_taaa ^_aa^. dltlA ^J1 Calbaaj^aJI 6 j-A 

. 4jlLl1^ 4 1 a^>UJ 1 CaVjaal! 5aL^Ju-ul 

4a^jJjajJI jjl£. jl^ll < Ca I Jjja^JVI JL^JI Lo^j 

jljaa ^j| l^ ^ <j _alaJI <alia jya SL^ja_coil 6j^lalll 

CaljJt Loll ^1 < ^j a 11 ^1 Laus^I 1_ ubjJLS .6J£.1_cajlo 

4jlLx1a 11 Cal_cumuli jya ^la^b. ^ja icLjuus l W ^.0 ^ << \\ \^ 11 


CaLoa_ ul% j — quantum dots (^lGI <Ll4 -bLJG 

4a_oj_oS < \*\ \o jlal l^J ll 4aj^c 6jaJuus 
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IdjleJ dlLlA Jjlj .^LadJI <AjloJl1I ^idl c_al luTsl £ 

4, \Vj\ 111 . ilf^_Jill 6d-A 4jxJLea ^1,C del_<_uU dJ3 I _ Jud- 

microendoscopy (j jj-Aea j—iKM 


r 


^ l \v . \^ 

I l^k Jlk^l 


-ojlII i*_Ju^M jju^L-ojL^.I 1-^-a J-Ai_ cuj 4jll2j ^_A 

^d^-sJI _Jill (_5^| Lj-a Lsul^j I_i^jJl dj_ 

dlld ^-2 La_i (^. .xit^. 11 { ^y Sde ,jAlla Jj_t^ 2 >jJJ <1_ jjjjJj 

4_JlJJ) < ^ ^a_sl_i_U_a JLkdL dlld Jaj ^t-O_CULi ^dll j-aVI <^Ladll 

2010 j*.Lc ^_2j • Ifl-laA■> j\9_jail ^a 

L» o-^o^ ^ ^— ca ^Jj^ H*-* u-° Lk>^ 

jrc-o_ cuj 3^-> jAi <extroducer «j—<-u j-jj jjliaSl)) ^_ cuj 


o 


6jjL-oJI 4 ai* xAll cjI jLi^l ^yL^Al 4 jlaLc ^^ie antenna 

. La A u<vrfl iiUJu-J ill Gil ^yc 

wjUtVI ^1 J^^JI 

jJl^-Aj ^Jl Lul*_ljj ^_2 4_^^.l ^ j _ a] jJLiS drwJ dll_lA 

frj) a AII JL-OlJ iij>* ±s*i\ ^d^lll Id-A Jlal ij AI Cud 

^cA_<_u deGi j yA Jyae ^,le <Ls_al^Jl 4juu-ojdl dJ b'^-11 ^! 


Hi ^jLi jlAllI 4 jJI jGdl (^d-ll ^£j-adll f^lejJI jl ^Lj.-All 
jl j_iJ) *Aill djl r^l ^1 aTi jxLal Jj^AlII ^cGLi ^dll j-a^l <^)LaG 
^LJI ^j-c ltH Jb- 4 - ^^pLj^JI aA ll oLlUj 

.Al_2 iij^>d-!l <jl£.j^I (J^dj 
d.)I xxjjl^JI d.)L>^ j^-L 1I^ d.)I2 ^^Ia^J* 2I dAJij 


jl .6 Jjl^.^JI dx JUUL jJ dilj i^LcijJI -Lal-Jaj dU^_^2lJ 

IjjJ ( 5 J>i ^DNA technology L_idJI 

. ji\* \ll (JaaL-uII ^_a ^ju-olsJI Jal_Jail) j*-^»j Loj-uL^. 

Lid*.jJJ^ 2^ (<0"Jf^ > ) dJj 1 w<<l daj 

jIjIL dUxJI ^_jd id < synthetic biology 3_AilATJ) 


(d.v ~s. \ \ I j . A d| ^>1-^ ^ 2lS ddjl^ j 1 La^ < jl3 -J^yll 

l j) \ \ A11 d-sldl j) <L<_u JjlA ^jL all ( ^ya ts\ \ jJa ^ al> II 

molecular ticker tape nt,l isu j— <-aJI J)jl Vil 

■h> tii' \ Ladle > ^ < ju& 11 <_Lll 6 Jdxo j \XA \ J 

-L> i-i\l | <e 11^ ^ ^klU < dJ l-AI 1 a juuS I I ^-2 J . La d)j!j(^ 

^dJI DNA polymerase LJidJI jl j— uliS 6^ ^ A 

<_L^ta v2 aAI (J_i-£^l^jLa ^JjVI <\ _la^LUdl I JjlJ 

<jJI ^ILa <Lllj_a 1 bj \2 i A \ L^-LlJj ^ld ^lll Id jJI ( J^_a 

nucleotides Old-u^ JS_Jd 6Jd-va 

^_a La| .^lljJI ^llj ^_a djllyLlI (J^-djj (^-11 J^Li_ujJI 

^j\ a 11 1 LLl I djllj^l - <UJ c j-a_2 <dll J ^Jl ^iJI <i^.j_ll 

C^l j—6^ 

jl— A>l L ^1 tdjl J.-p j. j) \\ 11 _a <1_klUa. a <1_d I ^ILa 

iljj-ll ^-2^-11 ^ 2 ((^ LU-^. I)) ^_2 ^)-aVI IdA _i_ald 

OJJL^ (5* 6-°J (3—C5-S -djl J-— 


sequencing 31 nil mi ^1 j—jjldjjj^ ^ 

Ii ^j-aj . id^^J lII jJ^II dJI JjI j) hKJ) \111 6^)_ \2*A 


GOING DEEP (*) 
jl ^computer chip (q 
computational optics (Y) 
see-through optical imaging (r) 


cd^JL^. (< K *nll 6J_A J • L$-la 4 X \ aiij)« j j^LajJI 

dLj-c^JI ^_2 lii^Ls ^_a (j^LuiJLi 4 \ \ ^ 11 islllll J _ij|L»" 

i^Uo I a A i I jaJfe « UraJ I j jl jJsl < cuJjlAj iuj ojL^JI 

Jjlo iiij^aJI jl^-ll <iijj-a < Ijjj is*»\ \ ^j| ^_!| 

. 1 ' Ldk 1 < <j <j jNl La iliLea j I <4 a^. a^. Jl 3 ] JbJI 
jllli ^. J-L is*i \ Ladle xA II ^jl dla ^LaJjt II dljd-ij 

^jl ild-dsl id.iJL-%. ( Lfll^-a-j 6 jT\\ 1 I djl_J^Jjl-ll 4_la 

. I ^ x < i^> a i ^dJI An^kll Jju^Lii 

ijllll J : yi _cu ^_le ^flashlight jJI ^LiusX\ * 

^j^-1J <j _ cVdia ^_Aj^.VI t_ LLiJI ^j_a j djJI _ IrvJ 

jl ^Iksa II dj—^ C5' I-IxlaJU d)l Ul9^ O-° 

j\ _cuil djLajixil ^jl dJLi . dicJI d^>d ij-ad-ll 4_iej^fl 

^j) aAH diU.J-a^ ( Ld^ ^_2 jl-vj* 2 djJI jA.ld ^J) aAH 6dAJLi (^dll 

^d^^-alll I dAj . l^lu I a \2 Idd^k a ^JA.1 did ^xj j dull ijN aAI I 
^jI^Ljij dlld dXJ ^j^a ij < IjJLal^-i 6j-iJ) a As ^j^a i ^j) aAII (j a 

LjLLdl J^e j^jl^d ^jl^ LI & Lu 6die| 6d-i J-^k iuj_t_uLx 

isj^Lajj <CjS^ _ LJJLj ^ R> I ^ ~ad-^xl_(_ul 4.illj ^_Aj — (JlxIdJI 

C <jj^J 2013 |».lt ^ [jJ>j ^ 

&d-A 4j^.^ljj_a — <:a ll ^y .4— a*i > a SdLa ^jAild ^—S 

^jlJI djLlllJI dlld ^ I aj iij is*i \ djLlljLi ^ jl^Ldl 

ia^xllll jj; .^.11 dJI-Aj-Jaj ^ I dlilJI g-1 ale I ^ ad-^1_i_u_i 

^-a_<_u_> La Lai .^xj^jJI pJia.A ^_2 ^^jydl l_ 2^I_iJI jjdld d>^" 

jJl^-Lu ^_le deL_u_s I 4\*N a i 2 objf^l 11I 

^jVn Ladle ^lll ^Lli^^I J^-a dsJt julII ^JOil ^_AjJI 

. A a id I de^l dJ Lj(j(j_i 

iij is~> ill djLlll!l 6d_A jA> i yI d-^1_cul JjlaIL jxl dlJ 

djLsI JJL^dl 4Jead^f 4 i I ^kI dlI djIdldXaVI j-iLxl_s 6d-id^xJI 

yz 4jlLl 2 (Jl is*i \\tid J^Lk <a! al» 11 a! id.UL-%. <Lcb^I ^1 
Jla ^ 1 \a j^jLxIi J_aJL_s 6j_Jt~i2.ll ^j«a ^ ^j«a 4_a~x a 11 

6d_A ^ le dLui_cu-jJI d-ij-a JLkdl _ <Al2j dlj . d_:xl j 

iijjJI Ll^-aj 4l_sjA dUxj)f 4_t^jlJI j_ l2jj djLtlllll 

JJ^AJ) j—AJ^udUl 4 a-ya-yll dia <_u ^ye 

4V\a~i djlil_t-uLa Jldiedl 4 j» _ <_u (r) 3-lSI 
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W <U^2 > '.AC, 4JIt_u£Jj 


«Ui ^SLaTu j—II ^^-Jl ^_jU jJ j 1 3 jJI JoL-txu J-o 4 

Oljl_Jj)fl Jl aaaI ^jLxiul - SjjJjJI CjljlUJI ojifc 

jl 4_x£oLi4-u^-oJI 

.4-uj)u.*>.vSjLJl oL-uUGj^fl 


(j^ jajI ^1 cjL&j-II ^ \t/*% II jL^aJI ^LolLc <La£j J—jI 
.4 1 u II oljl jJI j-Lt ^3JI 4 _uLjij^SJI Ol jLjuJI „u-oj 

J^lxJI ( j_& l^iUijIj 4_jjjiJI oljl J—II JjJi—<J jj ^ (p 

JtSuJjl j3bSLa3J| ^1 J^^jJI l^iSLaTu ^ <La£jJI 


o-i£^L» Cj14^^la jl Laj .4*i it n CiL»jjjj ^ (J juxu^VI <-u£^ILs 
Sjluil J*iuj .4. i^Knt.ll l4\uI'tcl ^ 4a_uijiu - 4_u jjI SLiS j - jUxujVI 

cLgbal $-1 dQill t>Jj& jUJI iLao-ao. jb|j lsA 5^ ^-4 j-J 4_Lxij-a 

.4_L^| j ^ IjLla jJjij jjj^lll CjL»j-»1 


( *\£j4aJ) <Lj|jjJI jxlc J-4JU wiuS 

4_u^oJ| OljLui^l (jA 4iuJ^j t L 4 .ju. 1 jI LaS <4_i ja<~\ Jl OLuljjJI 4. tV4*i 

4 -L 1 .^Jl jl JJL^JI ^ 4_ii.lajJI OljUl (£Jd^l b U uVll 4 _ij|j^J| <Luj 4 a^JIJ 

4^1 jblj opsin ju_ujj! 4 oujI pj^All jxL>i% jo oJ jua. £xbj Vjl 
^1 j^l ja^VI loA t( jxjjj-illl la$-» jljb^ 44uj .oLujjj-iill 
^1 jAua-» L»jJI j^ promoter ljj*-o 4j^o-U 4 o1aoJI SjU.1 .CjL»jjj4JI 



( ***^j^aJI pLl^uSJI J^ju oiuS 

d S Aj t ) d t lna'i|| I I ^j£ I '< < '< 4 "t ^ t I I A ' ^ I I ^ ' II I * LjjJLA d I ' \ ' d 

jfc Lu^i-o UruiVo HjJo. LtjL^ L-s^ ,jAj jil \ cijxxi 4 _u^jJI <>4d \j 

.jjj^jial<«‘iM ^iiL» ^unc. J^Lu Uo^aj^ — cage ^^jlloa — ^AJI j-» 

4xAl'l jujJj ^LsjJI ^jJI dl (JO^aJI 144 J L yOA jil ^VoaI JJUJ 



optochemistry (^) How Optochemistry Works (***) How Optogenetics works (**) Installing a Neural Light Switch (*) 


JiLJI jjoJbi ij ^ a^ II ^La jJxaa j^ jl <l5 JL^Ij jUtlIo j-a 4_ij^xb 

<Ol4 i^jVI ^Amj Ua LfrV\4 ‘4_diJI ^dsuxt SlaL* bujijjj ^-uxajdl 

J 0 . 4 J 4_l^L»^S 4 a4j jJI jjjj4JI JAJAS. oljJ-»VI <>4A xiJxxiJ 

.4bLiJ| ^J| 
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JjlS 1 lie. <jLslj_all 51jLca £ j ^ j!$JAjjA t—i IWn Jj3 L^a I 
j . Ji\c 4aa^.^Ix 4Xijla5s Lfl-al J'Viinl j I L&jLlIa^I 

(Jn a 3\j <oL sjulLliJI (J^IjlaI (J 1 lLaX ^LaJa dJll& j) j\aa 

4_oJalA 4 _uLloj^ j |j _a j <4 ajca^J jal ja -Uaja <Ja JaII I3 A 

^_a_euA ?.j) aAII 4_eul_eu_a- 4 aa 1 Jla\*S SjLaA <CaIa jjjlll -Lai _Jill 

LJ 1^ ? j-uaU —aUl I jJb j— *2j (j\ I—oj <cage 


£§jil l5 —S wuJJGJI 3 I miImiII —cul 6j- 

j-a £“3 Loa j_a \ m j_3_c 


^Lu 


w$\ 


^ u , (V) lS _l^vi 


.51a lull ^c-Ju^lj 4-Ll.l J ^_a 5 aa 1 \ c\\\ 11 6 jLLI J 1U»V\a < t - K. <lLj 

[13j ki \\ \a <j-a] <jLa3jj .s> 1 2012 ^1 c ^_sj 

(j-aljj3| ^ a Aja L^_jl 3 ja.Li 4_euljJ (<Cv a i i ja> j \ \ a £_a jjIaaIIa 

-axC JjaLi jj&j (r) (GABA) LilS _> 5Jj-e<aja ^^LLUJjJI j_a 


I j. a nl I laAj_eul I ^-3 ((e- LLa-pwI)) ^ I — CjIj _i3LjJ I 

^ 6-° j' Sj3 jiljlj 

<jlijA_euA> j i*W a LijJua .1 2012 ja.Lc ^_3j -g-i _ call) £jA jA_*_a 

(J^k Anil IajII laAj-eu ji .1 _eul_> Sjisll 6J-A J i 3 u <jlLL£ <j£. 

. ja.j 1 a n ll^JI j jaIsjlIIj ^jajAJlLI CjIajaI Jj»-3a jAAA ^jll 


LTT 

^jl iflj) a jVnII <Jl£.LcjJI Ij AU^ll ^jJla-OJlII -LaLtlilJI 

oJ) a A j_o < a A \\ -LajJ culj . ^j a^> CjL-S jl JjJjjl! LUjuuS 

dlllAj . ^j A^all JILajJ jaU Ij-iJ < Ll^ jj^j j^LajJI jjjl 
_cul i^-jl_ aIlo optochemical 3 jijj-acu ^uLljoS ^1 jL 

j-oju-aj! jl <^jj|jia j . 1J,\^k ^ < \ \ a^C- CjIjI J j jLlL^.V 

qLjIj.U aAVI jla_3LJ «L^JIjLi c L^JLa-^ jt_ jla^j jl < I_Aj-ijlal 

■ JAM ill JlIc. <Jl1a3l1I jJ <JlJLA^Jl1I 

^jC 5j|_A_ul_t_uVl CjJ-^jJI (J-a-OlSj Ijjla^ <_sl_UJLO dlllA Jljl^fJ 

j-ullUl JjLjoj 6J_Ij^J (g\ jJ jJ .<JjJj_<_uJI I_ ^jIIajlUlJ 

la l A n 01 (JjJu-Lj (JjIHj jl <thc large-scale measurement 

jlJjjllj <^UJI ejl _ ij ^L-AjLlH. 1 j-° <^j _ JLA^ajJI 

j^-AJLi S$J . J.-ill J1 ^j-1^- I_ftjl n^kl (JjlS (j^jl J ^11J Ijj J_LI 

j-o JA^ JJX. j_ij.LaJ j-o <j!uSJj^ ^k IjijfC I_a I j| <jJ_jokUl 

jn^ <L^ljJI <jLj ^L^ki <_1 jI£JI JxiLX>^ 100 000 J1 

^ iA^aa 11 la I_JUll JalllJI ^Jkil ill CjI jJ^I L^l • CjI JA uj 

jl 6j-a <<-UlAjJ 1 <Jlao j_Aj jljJI ^-3 6j_ uJLjj 

CjI JJjl5U*21 (Jjlc <o111aL!I jAa i j|j . CjI J j A n J_Jlc 

< i i A^->a 11 oljljJI ^-AjlU jll JllJI ^Lx-caLi <j-<aLlJI <ljLajll 

(JLoAju-uVI <ljjLa J-2k_i jl A^all j I ^_aAj-o jlc 

<La-Axj JjU_ui'ah LoljLi <<_ajllll <Lkj| CjIJA_a_ul!I ^_S ^jlall 

•jMjI di 1J i a n j a Vi C. j^VI 

jJJl^.IaJI ^ll^wn < i i is*iX II CjIaL^aJI JAjlaA J-cl ^_aj 

. L^JjIaaj CjIaLaaJI j _a Ja1_A ^ aLIaa! <a _^jlljla 

jLa! <JL£-Lajll 6j An^11 1 ^ » i^-s. CjIa jjjlll Jal_uuA j_sj_t-ajLa 

300 <1_la ^cjlaa jl <^ljLa A-la.1 j <_cl_<_u 6J-L 

<Ju-xaC Ca a <« A1 <K_a1lLI 6J-A jLs <dllj j* < All oIaLuJI 

TOGGLING ON OR OFF SWITCHES (*) 
fluorescent in situ sequencing (^) 
electronic dust (Y) 

gamma aminobutyric acid jAa^. jnnl Ll£»J I (r) 

terabyte (t) 


<jl£. llla_t-Aa I L^Uk jAjiaA ^Jl < \ ^ \ 1 A311 I i_a-jlJAjJI ^JlaAA 

f- ^ J-^ ^ 

I JjjA^J| (J ^xa a x ja jl l \\ \^k <Jjjl 1I ^LillaJJ j^-a. i j| ‘(£j _cuaJI 

£ a- ojA < 6j-»_ull I j_^k3 j aa^a jiu-xa I j La_2Aj I_iajl jaa 

^C-A. A^i i dlljAJ . jl L_jl_ JUU^XJUU^ CaIaJjjIII J_a. I jAi ^_jjlJLs 

<AAJaIa 6jl J J-A-IlSA ^*^11 (JAA ^ j JAull I j_A JaA^ _<_UA LjLAl^aLi 

j^AAAj — 4-a£-1\1o A^-aVl <1 _iiAJl JaIIj ^£-3 L^-^-aJ ^SkAA ^ _r^-^JI 

CjIaLaa jAi J .3 ^kA La JIaa j! ^ r \(^_Ji^jj 5 J| jLi£» J 

6JJ^J . 4 1 a n*2 4,1 a-oj 4.1a AnljA cAAj^ jl^Ai ^_3 ^jj_i_ul_a- jl^ J. 

^lj-^.1 jAa jjia jA_ak_& ^aJI jX-^-^Jl 4 jlaja1_11I 6j_^a^.^1 

jL^a^. 51a_<_ul j_> L^aajIa j*\ a\ i 4 aa^j1jaa ^j _a. I j 4_u jja5v!1 

4aaj!a jl < 4 _aaj_a^JI 3j- 3 CiUkj-ai! ^jll Jl-cujl 

^MlJI j\-^Jjl0^1 j| JjSjlsJI ^1 jAaJi_ qjL 4 JA.!! JaII J j-Ai 

. Cj Iaa jAaJ I j-° LaJfe ja£. j I Cj 1 3 a njjl I 

y\ J linnII j/u JjJjj 

4_ajllla 1 ^ K A?n ^aJI 4jl-cajJ jll ^Lajll 4*\ i aVi ^_3 liiAA La ^_3l 
j-a j^La lj_ajl_j j| jll^.LJl ^ \x 3 <4 i i a s\X 11 £j Ijl^l j-a 4-Lal^ 
O lx.j A J A ^JjJuJjaa LlU I < ^LLa < a. ^ 0 9 a *jj * ^a 11 la IIaI I JjA^-a 
<jjjl_ lLa (Ja>J*- 1I l^_sli_il jl CjIajjjIII J_a 6jl_H-a 

111 4-j|jjJI ^ U 3 < I_i^LllI 6 j-A k 11111j jIaaa^.V dl_1 j J 

^ \A^>»11 jL^rJl c-Ur. Uxajxl 4 ajl1a j_a optogenetics 

jA_a- <6jAA^.^fl CilJA_cull ^_3 ^-A-ulJ jlLiA 


aU 


AaJu 


CjIalaajjA ^Lul j-a L__£aIaJjJA au 4XijlaA 1 luca. 4_cujl^_a 

Lajlxi . (_JLaJaJI jl Lij \ \\ \ 11 j-a 6J-OA_cu-a f- j-x^all 4_cu Leu 

L$ 1 A^*i < j\Jt_a (JjlaA 4 jlaj_cx1 CaL^j-I CaIjlaa jj_JI 6 j_A j-aj-XAA 

jl J-oJlII ^Jl I_al CjIajjjIII £-SkiA L^-aI^ ‘<SJ _ L ^i »—SaI J^- 

CjIjI J laA_ cuaaI 4 \\WW 6j-A jJAa^LJI jula jlj .4 jX c_LsjaJI 

j-a 1 _AjJXj 4 XA a 11 4_sLdji eu*2l ^_3 L^lal jalLs 4_3jj-X_a 4 i \ a^>C 

4^jAaJI _3 LcaAl l^JaljakAlj <6L3l^-ll CaIaL^cu _eul 

La-A \ I jJJl^.Ia1I Lfl _cul J^j . jj_ cajla£jIa ^1J jA_a_s ^jll 

. jljllll JjX 5a3L£ CjIaj^J j-Ujl ^-3 ^A_2C 
^jljla 4 \\ i^. 11 4_ cuJjl^JI ^11 4aj a^ ill caIaaIjjII 4_a.la- jl 
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^lojJI SjJLlo Lfl vie _G ^JlII . Uj A^ajj 

.2012/6 ^-Aill ^^euxow Ax3j3 4_L^q ^ j.GG JU-c Jl\ 

A)jLaA djlA3-£- 4-olAj Jl_ill dllA ^-2 kj^LojJ I_Aj 

oLlcljUIj ^Ijjjl^JI _LuoL uGL^.I J-o^fl 4A_»jk 4^3_ uulo 

' Gsj 1 <1 \ \ < ^9 II ^.J ),\x 11^ 4 AAj-aJl 1 _ i^^J^JLjJl^ ^jLllI jxAcj 

1 ^ i ^ 1 jlC j-oluG brain activity map £LajJI -bL_txu itsujG. 

^-2 6j-U£2>j ( J Aal _ ulljAI (JxiLlAJ dA _ ^LAj J )jglaj Ah° 

. 1 ^ X \A~y £^lojJI dAjlj 

i2u~yj ^j| VI IGjL-UUjV <£“J) ok 11 ^lojl ^jjj, UULO £_oj 

e- Ljl» j VI < I 4 _jl1c. luj^j LT^" Aab^JI Sj^j-uk ^ 

^LoJI SjJLjloj <lj_£._uulj ^LoJI dJ_£^-» JL^clS .Slj^fl 


dJ lo Lojufc^f 1 <] 2 lLLj 4_oj lA ^AI j 5JJ)^ ms u_Aj^2A I ^J\ o s 

^ jJjlU 4jl£. j_Ll I d-> I_ u£i 1 lS*T\~^I I y> Ej \\\ 4-C.JO^.1, 4_U<2> LkJ I 

^^Aj Jjjj dA £\$j —tlill IA-A (jl ^AJI J—o^l <4j w^>a II 

^Ac. (J-OJLJ LuJLO ^j-O 4 a U W uG Jj LU LI 4 1 o*\ O 4 jJL»_S 

. 6 J-2u ^ k- 4_> Jj-2_ll CjIjJlLLII A>° £j \\\ 4-C.jo^o L& J \ An 

£C_jluOl» jA j < Lul j),xnC jAjAl < 2 J) a n 2 <dlJA (J a^^w I A 3 

Ay^Gj 4_ llGAI CjLjJu^jLII 4_j-o _o 

jl .4 jlojjI^^I ^^ \"\ ^s. o ^ la qll ^jijLslIII ^Jl 4 ^.L^j 

Cj LjI (^VJ^Lo 4 _JlLlL2 J is~Ts ^ 1c. 6^) J li OI ^ J I f- Ljl> 1 \ Vn o ^ 

VI < GloIJjJl* ^ ' ^La^iJI ^jl_ uj ^3 

.oL^L^VI -2s (30^ 4Jjju J_u^l^ jLo 


^lc 4-Oj^UI 4_j 1 Vl 11 ^j-O J^JijAII I J A (j\ Ai \ J V\ j 

^_lc 4 w , II jJjlJI 4 aU\ 1 4^^p_ L ^ LO ^GJjlJLO — ^_uul^ ^LUlJ 

LT^ J- 4 -^ L>^J •( j r ^ A ^' 

jdlaj J x-ojj J \ ^ * au ^_lc jLa 6 4 jLG jjk^1-G ^_lc 

.^Lo,aJI 4jl 1 J^-JG ^lll spikes 3-iSu-a^JI 4 -GL^vll 

_uuIL ^jla S-Uj-2sJI ol jI 6J_A ^^G x\ 1 1j|j 

J_ujlG l_5 J _I—(JJ <4^.L^jJI J^2lC ^J-O 4_JUlu£^3l 1 I J)lall 

\lc ^LJI jL-Ol^. ^j£. L_^_xV.^ll 

jjijyi 3 ,C A._‘" tjL ^ -ULojI ^ _^L^V j-ic 1_u-Gl^iLsI 

CjL >j ^uxjl^JI CjL^. jJsl 4 jl1 jLojlLuuI j jX^_S 6 j-LL1I 

^jlII 4 \o \*\ 11 4_Lol_ lu 4j^14j ^Ijoju-uV 4_Li_ ljj jJI 

■ ,4jlx vkll ^ 5J1 L^_» J-OJLJ 

- sjiyiuuMJ ^i.ij-3 - 

The Brain Activity Map Project and the Challenge of Functional Connectomics. A. 

Paul Alivasatos et al. in Neuron, Vol. 74, No. 6, pages 970-974; June 21,2012. 

The NIH Brain Initiative. Thomas R. Insel et al. in Science, Vol. 340, pages 687-688; 

May 10, 2013. 
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4jL\lflJl J a^1j-IL> 4,fl \ u7ill 4-oJiVUl \II £- 

t j la XXjlu 1 1 ^ \<: o \ £j LclU-ll^J 1 CJ Lc^j-ulloj ^jul^J 1 O Li^J I l^j-oj 

Lo^J . L^JLJjjJJJ 1 ^ ^ o Jj 4 jlo^jJI CjLjLuJI J> Ji^JI liA 

4jl^.jJJJL yll 4 juLoJ-LjlII (jl JjLO ^jxtl \11 ^ J) n ~S. 1 j ^ jj UULO 

<CliLjljLjJI 4 J_ Cli\ ill U-A£-Li-OuO (^,1 la"\ll 

lA^ (^A^- Ijjl_2 ^ujluolj Jj3 <4jl^.jJjjlxII 4juLo jAa.ll ^ _LaA 

.4J^ ^jLuOLaAl j\$ *y 11 l^_i J-ojlj AAjjIsAI 

OQjbLLijJI ^^j-o CjLsLls JjA^G _o ^J \ol 11 Tjjj 

Ij-A 4^JLa_oj Aal^ JloH V cjL^Ijj 4 J lJj-uj petabytes 

( J_uGij ^_S LuOljI Jj <6J_oLojiall L>° 

6JJ& 4-o l^jJ 4_l2jl\J 1 (Jj^. oLijlkj ^yj uu I 

J .6j!$I A j ^ _LajiJ cAljjl ^jAI SjLuojAA 4_u-uOLaAl _2-11 

J J I JjlVG ^S L-GlJ I 4^^Lojl1I CjLjLuJI JjA-G ^_ujU 

cj IjjlkjA I j • cly 3 Cy* 1 ^ ^ ^ Iaj Lub. 1 <j_ cj Li^lb 

4^JLLlII s>AUI oLjjj^jAI ^j| ^2>jjL2j 4-i^laj ^.LojLA^U 6jJUlLI 
sequences CjLlII^IL a ^^ to 4yn^»c 6jl j LLlu 

o^L^ I 4 I 0 ^Gls attractors OblisJI ^uuuLj uJIjjG 41 \ a o -G 
yj . jlj—2 jl SjSI j jl Sjia J_lo ‘SjjLJI — 0 Jl 

j\ u^L ^la/\ \ AlbGl jGJI <4 jdJu^JI oLuuljjJI 

^2l^p -Gj . 4 _ujLuj (^^jAc 4 I 2 J 3 ullo 4_aLLo ^y dll A jl I J-A 

dJ^J-^Aa I ^jj I dj 1 I dj 1^)-CLLaA I -UJJLi ^a ^ 11 I d-A 

. L^-LaLuG UJ 1 -V-^uJL> 4 ^ \\t'a 4j^JLoljLiJ djIjJ^aA 

A)I LT^ ^ ^ ^11 djljl jJI j\ 2 A )1 

l 2 3 ^GJ ^1 _ojJI ^ 2 sl ^_0 I _uG ^ 1 c. LGjjA jj -*- 5 

A)l A>° Vjjl 2 . Jl^ljjJI ^1 V^-uoj|j ^-ojLaAjJ^ < I 4 JL_uu^f 

^jujLuu 1 L^bJLa_oj dj^L-JI ^A-a julu.^ ^Lk^l ^_G5G 

dJ^kjjG 31 _^j| ^_a_uu y Ax>^ U-2 j _uu < bj_^j j^-^I 

IA)L^_j I Ar^ c bjua_o 4 u<^f_ dJ 1^)1 J -k I_ ulu ^j_k 4 jlC y 

^cjl^u-ojJ ioA)^ 11 djbJLa-LI jSJ b Ui jG i dll A j I ujljk lA-A 

1 ok- 4kL^.VI A)l Idljkji_uul 3j^l (Jt&sj .djlAjJ_uuAI dilj 

4_ijLuGL2l j-ALjlo ^1 L^jLo^.^j ^jluGj Lo LALc ^jGjAI 
LjLuAl 2 Juki i_L^uJ .4 jl^.^Ji^JljAI djklGJIJ u-AsAI L^_jlo J \G a 11\ 

^_2 3 lo£ jl Gc*2l 4 jlj^ jllll j 4 jjAsAI djl_L2^Lk^l 

C5^i ujL^uVl 6A-A dxsb lAl Loji _uuV II ^jj-u ijlo 

^uSsj <4 \UaAl djVbsJI jjuJG ubl Ju^.| j I A^lojJI ^_k 

A)GAjj 4Jjl 2J (djklj^.| AIuAGI Ju _uG A)l L^GLuj A>^ u-J-2l^C 

. 4juu-us 4_sl_o _^.j ^GlJjAI 4kj|j-o 
<4 2 hk 11 ^lojl djljjl_ lo ^_a ^-UgAI ^ 31 J 

4_>Lla_> 3^3^^ oCJu Ah°J ^LoJ-aAl jl^_ou_uul ujl>3_ < - UJ 

4_lluojlJI djljl J_II 4_Cj)o^.o j_ij_ukj A)_ 0 u_AJ^AI ^_k. 
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. jJJ lcI jXJ <ju2jL> 

LT 1 ! £->">— 11 ‘ 1— 1 11a.o ^JLu ^laa.* ^ 1 

w^> i —ljj ^jl^JI I 5 —A ^jLi (j\ ijLa .*21 

JxLc ^ 1c £j _ <-aLa.lj ^jLJI Ci ^>»i 3 JjLs -(JL^ i 31 

^jl£- isj-*JI JJLajLi ^jxi-cuJuJI is_Julj L^aJ^-a ^Julia 

CiSjj IjLcI_ ljj ^_cLa| Cul^j . ^ \\ a \ ^-Lc 6 jjuS 5-21^3 

J-o-a. ^.lc ^^jLa»3 5x3 L>J_a^_> I <_cujfl Lo iaUa_> 32 


The Engine of Memory (*) 
the Massachusetts Institute of Technology (i) 


j-a£. <Ll1 <1967 f.Lc ^ <.M .H> * 

** I Jj 2_2 . LaLc ^_JaC <3_ (_oj <jlc ^JU-<a I Cu£iJ 


jxic. jv ui^ < \3*\ a ^jlC ^JlSU-oJI Jl <.L-H> ^jlju_ul 

.^(M.I.T.) ijlclil ^_<_uj) xVnL-uLo Ji^ * ^ ^_2 11 Vi 11 

j-o_i Lc Ja£. ( Ju cailj ^ *<~i ill Jjl-JJI < < L J^a. 

< CjJ^ > ^jAs, u LlV^C ^£jJI <j-^ 3> ^JLx^aJI J^a.ji.1 j_lC 

CulaLa. ^jljI _la I j .g-lSj ts\\ i _cu LjljLSj <^£j _iA>J 

(j-a 1 j l^jLa. 4 _W ^c_al a^Ti J (( i£^ _■‘- tJ)) < (£j-* L & > 

<jLi <j >j3> ^Laia dll .M.I.T. *11 ^ 6^ clJI 

j-a^l < J_o_aJI ^JUjja3 ^_2 4^jl <JoiL ( *Jl a 3—i-uj-cu 
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2^ ^ja —A CjJI 

. L^_jl2 4_o^j V <Jj)^ ^ ^ <1_Ju Sj!$l j-ll £-^.1^)3 

4-gjJjL!I LuLj^J (jtt \* \ LL^j ^lll 4 jJVI 

Jll\ CjI_>J>* is~i ^jA < 2l- 2.L3 Jj_u 

Li_£JL2 . j-oJeJI ^_2 ^juulLJI £a CjJit^a 

£-a La 1_um ‘ Qj ^ H 1 jg a^L & l^a* I <dj3 ^>e 

CjLij^jJI jSkuajjLi (JLi_S a Vi sj 111* ^ £^Lj_!l J)L <^j-°J-ll 

6j-ae jJeJJ ^J-^Jl CjJ _^.j 4 jLl2jJI CjLjIjlII 6J_A <jl .<1_l^llil 

II (jnVlll jxic CjL^jI ^_2 ji.lc 


j^’ crdj od 
^>LL 


-lLVI I jU jl—j-i; (jl -1^.1 £- 


oiii < 2i >JI ^Jl oUl t / Ijl 

I jj^o jl ^1 djj^e jk L*.Lxj 

.Lg-» v-4I<UI <L\^t,l 4J L^jLuj <^jl&> J 


L_J CjIJ-IiJ JjL^-ulJI ^ JjJuJjlL) dk-ol jl_2 .<Cj) vla .fr SjJu-OlI 

■^pjj jL^I 6^ OJ^f L^ ^ 

^_cul (.M .H) <jVj^fl ^jLjjaJI ^c_ju-^I 1967 j*.Lc jlc 

f-l) - j\4^ LS-^ t> <(Jj :i - ! ‘> 


kL 


jlj ■ .^ (j^jLsu >_ Lj^JLaJLi ^Jb (jjjJI^ * jLl-i_aJuLj (j^jl 1 JAJ VI . .> il^ a ,H> 


O" 


Ul 




Sjle <£^LjJI Lj| Jjlj is~i\ ^IaJI CjL j-lxll * )l AI i"\\ 1 ^_a 

ddj3_cuJ UJ.fr-1-3LJ ^3 l 1I CiLcjixil ^-2 oLj)* i^> ^ _^_jjJ 

.<Jl£.LcjJI 4_jJ^M Jjl 2 6J-iJ-C- 


*) r. , 

\rx 


ul (jA)) 


(sUU^S J\^^\ _t_u^ 0 \exboaxd ^Li j 

6 J-i_<-u Jijj-i <(J(jl-^ ,G> <Jjlo 1I Cxcli (1987 ^.1_C _c. 

I J-C _2 ^jA J^l2_(_ujl2 d_ cu d I I ^J-~y^ 

. L^jlj l^_j|jA 2 <_jJ ^LaJI jJI J_ AAj ujLu 2 Jl 2 

J jAVuiil Lo LJLc ^jLu-alll C—U_cuJLi ^IlJI 

d-Lal.1 6 Ll^ (^jA ^ ^ ^ ^ '**< (4jLodj I_ jUJA 

CjL»j^ j (j- 1 LT^ _ 3 jiii < JJaJ J _Li-^lil 

Jj^-o VI O <-ojJ oVLJI 6 j-Aj . 6 J-i J-^JI Jl 11 j £_j|j 2 jll 

^jLu-alllj <- 2 jl 2 --\. ^J»ul A^ll aTiVI ^jl .5 jJLuL CjLI jj 

(- IAIj OjLs j jX^JL\JJ <£ CjLo c_jl _OJLA^I ^_S CjL-S JJLjU^S 

^ \ Arf^Lo CjI—V -OjLa^JI i^y^^jA ^jA oVL^ 

^LjJI jl jl ^UdJI <jj 1 uWilt dllj olj cu <<1a\£ 

■ xnljJI Cjl-A^JLi (jlljVI jl J-^Jvll ^culJI jl 

^jJI j_2iJI j_*_» <jijSI j <^j__ 1 a> jas 1953 ^.1_c 

. 6 jiSI jJI ^LjljJ ijj^j-ll Ciljj^-ll JL-OJUu_ul < I 4 J ^ 

J-3LJJ . ^JL JJA^ I-I 6 jJd^. LT^" ^ 

6 J-iJ-^JI Cild^-V-J L-Vjl^ jjSVI <3Lj^J ^ A~\ 6 jjL 2 i.J 

dlcU <>Laj 1 « >LjJI j' < \ aAjjlJI a 

S\X 2 < 6 j^.lj <L 2 jl 2 J ^Jl jJj 6jJIjl 1I ^Jl aAI j jLl^VL 

^ v.\Vt dl tic ((Scul (j-o)) :<(£j±&> dill-cuj dtj^. 

. dlxjllc ^LjlIc iy^£L* ^3JI <_a^_ll IJ Jl^o <J dL-uAi 

CjIcLlLljI < c^d L ^ > (j ^ 1 ^ 

“Who Are You?” (*) 
Henry Molaison (^) 
the hippocampal region (Y) 


LcJjl£. Lie 13 ku Ijjj .^00^ 

ejl a^cVI ^^.Ij^. ,.i.-v I dj-^Gu-ul Lj\c ( ^jLjljlJ I j <jljLuJI 

v,4i413 4.4K\^, 1 lLj^xIIj L_cujVI <eLj ^ I 

^j-t-^JI j^L^ a| JL^ajuu-uVI I X& < s*i ^ II 

jJLC 1 ~^C-JA IjJLiG <iXA J Q--^ <J^JJ \\\ ^Jl <1 jL^J 

^Jaj <jLcIUj> _(_uLs Jju J cL ^ ^ (4jL <1jlU 4 \ ^ 1 L^s Jj_» ^ Q A 

^j-2 6jJJ 64^.1 -II j-A^I <J£ tlu LJ-Lo 

.^LJIJ 6^!^ldJI 4_<_udd 

£-LolJ LfV 2 cudel —<-u <(£jlJb> 4—^-»lj^ (j[ 

4_)^j_o (jJjii ^_2 (jA. x^i ^>. II t 2 \ 2 h 4 qlVi^ jj J 

^jl < C5J^ > £-° (jr^i o\ • < '- l ^L-II 4 \ aT< Jl VJ UUIj 

1\\ 1 \\ U1 q*\ VI L^l deLjjj ^ 1 1 1 c\ 0 1\ 4 oUs\ a 

-^j3j 6J^jII 

u LjljL (JjJ^jJI 


IJ-A ?)J J (j—oj . 3d->^ u— c ^ 

•dvi jij^. 


4JUijxxj 


^ (3 ^ ^ < 6 J-J J-^k. 4_oJ-L*-A jxlxj 4_li JJL^uA ^jLiau\ 1L> ?xj) 3 .^11 Q 

(-^jlu ja4j V (j-ajLjJi ^ja oVL oLn — cuta) 

j 1 1)211 synaptic connections 4\4\ <nt,l O^L^TiVI jj-Adlj 0 

c^!l .{j .*nll ^allJI the neocortex dudaJI 

oljj^jJlj L^jjJj (J^3j djL2 4 j^ 3D oLjlxll ^jls 

. J^ljill 41JUI oLj^UI Ij^ J^VI 
t<M .H.> jj^.xrdl Sji^l3JI ails ^j£. lull oljLJI j^.1 © 

the hippocampus (jL-u£oJI v.4.i4il i_4jLj ^jL 

oLi^d jll ^jL-o Jcj3 Sj->d-LI oL>j^3JI d^ 5 cL^ ^1_°dJI 

. (jdu-u-ll jA£. SjJ-Adlll 
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dLAib .JaIII ij_> jl (SjQjlo j-ii. <Lc j-uja 4i_>l_^JI «GbijSj 

(ja (jbMUl £ Ihn ^ <<b^jLlll <bujJJ ^ <.M .H> ^1 jLxlJI <LcL_uJI 

. J^> j£J (jjLXud 1 j-Ol£ <d fjA ^1 JL*. ^ <d jAS. 


2008 ^Lc. «Lblij c5 aa. <UL*JI <_£j_l j^*XIj <27 j_<aj ^ <jj) mil.H> ^ ^\ 
jd .2 ^ iV<<j jSI jJI d j-aa ^111 iLAUjJI OlK i in 11 utj ( <.M .H> (_Ab 

CsjjJbjA i(jJU .Jl ^ 4aS& £A J d \9 \\U 4i_>ijla_> SiJidi UIjLab j4 jj djJ*Ad JJLJ 


<j1j Cxt-^^ILal <^^jlA>J ^jLLLLo ^Aj <cllljJ 


32 6^1^>a1 CjLojlIaIJI <Q Jn>C 1 JAS jLi^xl I J_n_2x 

I just don’t)) :5_Lark ^1 <JLil J-iJ_<_u L5 _lxi .la^xa <lo^ 

jjjl V L1» L4 ^_1 a 3 ^_illj ((feel like pleasing salesmen 

jaJ .((^J^a. UItlIII icLJI j_jj] M L1» jl ((<£.l_JI <4_<-£ajJ 

4_Lo^x JSJ ^VjljlsJs I MS i k \j <j I <(^£jjL£b> 4_a£_a Cu IS 

. <yZ a s L £^j_<_uu^ 

< Ja~xll dlL ^j- 0 %2QjILL ijfi, nail MS <^jjlA> l_4l2ujSI JaI 

^jLs-LI ^ jjalII Cy* JjLSjLa ^jlILs ^J\ LoIjd 

(£ I jiuil ^^A 4_)J)» | JjISjLa 4_*_cLx 4jl1Ls Jltw_> *J .4_o^_jl1I 

(21x4jJI (_al » is*i | 6j tilf. ^JijJLjLcuI <^g^jJb> ^j| LS . ^jJjLlll 

^S — .Ua< ijlil <jljIj 49 I — < \KII 4jl 1L> _<_ul 

< (j^ 1 J-O-C <^JJL&> ( ^ JJ I . <AJU^2|JJ I JJL) 

^4 <(JI—ill J-XJ-cu .<Lol^ 4 (_■'* X^ijj j— a4J 

I just don’t feel)) 6 jLjlI ^ nail MS .xt. J^.1 jll 

<^UI ^ V ^^uMU : JllK (dike pleasing salesmen 

j ‘j 2 *^ ^ 1 * Vi <6l 

^jS-OlJ ^ 1 <>7» ^4 jS-Sl J \Cj jJl£. i \ k_UJ 

<COnglamO 6jl ncL < JjJj <6l J-A <4_U>V) <j| I4 J^4j ^jl <J 

:jl 0) 


C—<5j^l jJI (ji I ^^"' J S_>jL*JI 

4 a^>^. 11 ( 414h <4kli ^ _cuL^JI j(jjJI dxij^-lj (^3l3_cul 

<^jJL£fc> 6 jSIj fj\ J-o . j-o^l iLjls 6jjJ^x. CjI—^ jSj 

^4 LcLoj 4jl*julLs CjJ-) 4jL)L-<£il Jjl4 ^LoJjljlII jJlJ olj^-M-l 
;Mjla4 <J^_coj (JLcuj <<4M-Ul-> 4jlc j-dl CjLoJSJI IsaI JaI .<_)! JjJI 

4_lji_cu^fl £jC. (^.xjl-vj ((^(JjlS ^j-o LjuAjLII J-A)) 

j ij iijjUJl <IL_uljJ <j5Lq 1 

— IS I (J^U.1 oljjj - UJ (ji 

daU'» ^ ^Lj ^M.I.T. J(j » 11 (j——°] <c3jllAj •W> jn vdl 

6j AaII 4_aj)j diLjSj _djj (J^ Xili ijr\ ^s. 11 c ^ ^ 41^ 

diL)jSjJl dlb -V-kGj .^(AxjAcJI j_lLaJI) ^LojJJ 4jL^.^)LkJl 

<jlJjlj I jSifcj . oLaj)) i/*i* II l j r ^A <_j^ 4 diILaLuj 1 JS-i-L 4-)j xft^ll 
^LS (jA is~i 11 ( ^ \a J-OAJ 1 x\\\ \ ( Lc Jjp X n^ O-S ^ xft^ll 

I 3S 1a 4 \ dJ 1^^^ d dxx IS 1^-t-a (di 1^)^ b-U 

6J^4 . La 4_aJS ^_ \x aS ^^4 jl 3L4I^ dJLs^S j ^) < C^J_^ > ^ ^ 

dJ^U. <^^JL&> j_a (J_aaJI ^J-O SjJljS 4^jJ Jjlj 4Aajl111 6^)SaJI 
^IS IajLlxi .<Aj 1_<_aJl jjSaIJI 4A)^ia ^4 4_Jj^Ikx 6jlclS 

^ Jjp a nil dA x^a II ( ^ h 4 aLlLo (jl JAiXJ (JiJJl^IjJI 

neocortex dux^JI 4^klo ul Lojj . d) Ls^S jJJ ^)_<-L Li I 

^jJI oLoJSU 43^SI J <jijS3 d)l 1 I J_) I jJ .‘4 _ojl 1_<_u dxjlS 

. 4 a \\i u 4_x^.lj^Jl 4nLf. Jjl4 ^Ja 
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concatenation 

LJJ <JS- COJ j| 


<j| <il_A 

^(^cLolKJI LlIS ^j-o .U yl^. 

^^A <^£jGj&> I-odGc 


1 Cg— 

-A £. ^ X j.s~i | 

jLlil cdLoJSJI ^ _lc jjjjlsJI 


j . AX.W (J 

(jl <> 

<4-j_cuLlU Cdl c IN 11 _Lc j^jlsJ) _S CjI_jjJLj 

G)SG jaJJ < 1 A K11 <_>^jlLII 4jljjSdJ 6i^j La ll \ a Vi ^j| 1 ^ < Al ^ 

CdAJ <CdA itiTsl dlld J-S-j .dlld 4 jljl3Lj LoC Gj5sA ^dGc 

<^jjlA> dGc ^ 11 i c \ a1~ 4 aU\ a 4_idl 4_Lt^JI <^j^.GLa 

. 4aa 1 jll 4 _L^j^> ^A l ^ aLu Cd l c K 11 4G^SI d j 

^jjLtdJI Ja -bLJ -b-AJ 

^lc ^^A M.I.T. dfl all djjGSdJI a.jd Jc Jj3 —xj 
. j)l^\ I ( jx ijJ ^A LGjjAjJ IS 4_*_a Uo I d lG_ca I Cd^k * I < 1967 

4_ culjdJ 4_L_ LJJj 4JlU1 ^jLj ^dJ IdSJi ^tu^il dG j 

^A j-osJI ^A jxdVill j_uG L^jA Loj <6jSI jll Gd->dC c_j_ Gl 

i L^_jJ i ji'‘xc. ^ lc^ .4 aJ.II ddUKJI ^ Sd-> ^ lc i__yj^dA 


j;^<; jiu-^1 IdJ <£j\JUjVI j-cC ^ 

6^ (jSJ <oUKJI ^ J 

.^ydS\ OIJ>*U 43jSIGJ J U 


(( • Jl^ Jl^J I 4Xr 1 \ 1 l ^ j-C 

.CdLLi^UI dl_ IGj J-o£.| I jLo L_iij_cl jaJ dl_lG ^_S 

dJL^. ^_jlj U I 4, : yCLJ1 4_1 j cu^fl (j-a ^ C jay aQ 

IjLaia .1_ X ^ J-oIjljIj L^-gJaGI ^ _!j 

^Lc jIa^ SjLlL^.VI (J-o^. ^ ^ ^_s oLjia a^> ^gL*_j <(£j _i^> 

j^LJI J_ GjlS ^jl Ujl_c^iC^fj ^LiLal J_^Icl 1874 


■ (J^^. 11 jX^_S £jC. iljj_LJJLC ^ aJlbuLAJl LjJL 

jXjC <(^dl 4 ^u-OlJ jaJ y 1 A n <^^JlA> dGc Glud^JI j-uja!) 

4jGsI^J l j Broca's area ISJj—j dibl^ ^G_ xljJi <aq* 

(jxil_cu^fl L^Gdi JAiA y (jl^ (AudcJI J_ lLaII ^j_o ^j^. I 4aLGlo 

<(£jl&> ^LjlC (^GJI Lc j . 4->J)^\ll 4 jl^.1gJ 1 J-o^Jl e-\ _GuG^f 

<^ 3-0 jl .Uj 1 ^ conglomeration jJ& J_A - «conglamo)) 4 aKj 


Llai»j ai^ ,^1 ^1 a Vi ^j_c CjjIaG ^1 4 y a^^s. a nil 

jGlclJI ^jl .CjLoKU _cuAj ^klJIj ^jl»_L1 j 4ju^GJI l» y.c-s. 

^l^S^fl ^ lc ^J^ A<> >_ i 1 y aV, 11 GA^JLJI dGc Cl> 1 cKll 4_S^JCc 

dj 1. A 1*\ 11 1 d l^la A S*i 1 ^C ^^-t_AJLO ^AJlJ 1 J-CLc IS 1 d 1 LcyJ 

. 1 y a o ^jS^fl die 

^j-c (Ay ^-cG <<jJIjlLc Cdlj)G a <i 1j ^jL^jI J^Lk. ^j_cj 
J^c ^)-<xsJL j <1~> yGj-lI 4 icjGJ 1 cj 1j \x\W 4_a-GljjjlJ I Jaj U-^JI 

<JliU <1990 ^Lc ^aG .cdLoKil lGjSdG 4 _aAaS 

_«_tJl ^a licdAi LJS I_ jG) ^1 ^G^Lcj(j I_ gi I_g!a^>jG 

JGaJ ^SdG ^ lc 4 _cl-Vy c 4_iu^_jlc Gjj) a^> y I_GG^AS dA*^.I^G 

iGokcl GA^- LjGI dild .JLaJLj _<_uVI GjdllJl 4 AjJlL 1 Cd 1 cK11 

G)-c ^j)G a^ c is I_Ja-aG)) Jjlc I_Ay^JlG a^^I y 

G>-c 1 y jj s Lqa 65 g>_^ G/-*-1Ll11 g^L^ <((Gx>L»LlJI 

cdlj-U ddAj ((Velcro » 4 _oJS ^x^GLAdl ^a I jj a A _<_u_y G;i 

j^y£. Gh° ^ 1UG a 11 1 LoS 1 ^ Ad^y 4_C^j_t_uJ Lj^ 4_<_uA_y 

4 ^ K 11 AyjyAj 1^-cC. ^_11 4ji _<_ajGJIjA . LcLc 20 ^J1 18 

L$_Gj_a^ <<loKJI ^i*_c o< ja^ii<-J1 (jxijjj ^_lc 
(\ ^jjAdu ^1 4GI VI < L^_3 lUIao ddCj ^A^ JjVI ^IgaJJI 

jSIg ji aas ami .lidi^i 

Lo_y LLsjGj-c IaLGjGSI CjL^jV-1 ^JjjA j _GuG < 1998 ^lc 

jJLC j VUjlL-J a^Jdl Cd 1 c K11 4ju^G ^ lc Gjdlil G)di <^j y m 

A Type of Fastener Made of Nylon (*) 
Wernicke’s area (\) 



g-LAt, Jl Ja j^K4Jl jjAi jl «<Gld j jju <.M .H> j y(j t till S GJI jild ^Laj Sj^us 
ALliTl j^3 ^1 j-^JI Jj-^LIujI <4_l 1AIjJI 4 _lC.Jj.asJI uAAMUI jj^bLlo 

.j_l*_JI ^jXI djSljJI jjjAa K4C> ^dll diC-LajJI 4dKlt,l A 11 
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- w 5jSl jJI jj >_4- 

<3jJI CiG^a ^ ^jJI qu-coJI iJoi-lj jl <j5fl J-^xxjj .(j^jJI Jjj* fr° G-y^jja j-^.1 jGa l^ali <LJuLj£j J-ajlj—<- gj ^a-J 131 

j\ vlx’iJ 4J1 :j|jjLa) ((abacus» JiLa p ml ^Jl Lu^l ^aj I jl <Mla£ .SLl^JI cj jl.W1 <Ul. Vi -a <il£ <LLj| jJI CjLj ijSjJI ^xxa \ 

- GuijjLill CiGUsljj JjLiXI fbuujl (jjlrxa <LS<jfliala j-ll - ^ < ># I I j-S j£jj j^a ^j£aL> ^aJj <( jaJI JLibVl 

. L£jj_J 4SflVia <>ljSj jjlxG 4ia£ 1J-LJ >.4 vS.lj jli <4J^| <>jjfi jAuj^ ^xtou-u Gx£ <c jSJj . jIja^lLI 4_LjJj Gx£ 


Ml )> 



jA») ^_o ^j_ajJI ^Jl <^kXI ^1G Gs <<_»! jjJI .^j_(_aJI ^_s 
jtjj-a S^SIjJI <_ JjLJjlA ojljjl UK <jKJj _i^GlII 

Cj V UJI ^_S j . ^jKo-a ^jl£. Uj)lal I ^ U.^ju_u I ji is** \ ( (3-°^ ^ 

^c_JL^_t-oJ I 1 ^hsl ^ jjG_> 4 jU <Lo_KJI j 6 J_> J Call 

( j-^.I^jlj S^lSI jJJ JKjJu (_£) . UU*_a dll^Kj l 1 \ 'y Q 1j 

^jlj)*n» ) ^ILaVI ^Kll ^UaJI I <Uc ^ ) Uj ^j-oaJI £_a 

^.((6^y$ljJI i_) 1 \ x7i £_Jtl)) 

^_Uj ((^1_ <-alll ^-U)) _ =xl^a UJjlC. LjljI J _jSjlAj 

<\ v11 cjULujVI ^_s J is~i ~x jl V-U. _Ull 

<( 4a_lGlJ UK .^Ujil (ill _J_ lLaII 6j^l jJU < 

<jlLKj UjlS^A_o ^UGl^j _<-ul <c j _ojJI j(j|j-a 

^Uu U IjjU I_K IjI «Velcro» KiJ jl ((rhythm)) 

How to Restore a Memory (*) 


<«physicist)) <«rhythm» J j^ ^ I^IjLK <2jjU <_4jJUl 

V Uj cG Gij ^_a jaLII l a A) 1 <« yacht»j 

^jKjUV jlII ^3>S Uj <ju-u ijtJuuu ^jGlJLJI <j\ ^3 dJ-Ull VUo 

U-c oUKJl A _U^.1 I^jKjjI Gi UjUg 

jK^fl AiWl <dUj ^_o >j .ejL_ cjjJI (jaJlUjJI £-& Cii^. 

((bicycle)) _<_u <j| Ij^K U <-u 

UjlS I jla ^j| ja ^.alKcL) Jaj ^aJ <jI VI <1 )j)« <j ^ 

<((bisykle)) xl «bysicle» ((bicycle)) c_GKj cGlK Ul 

. <-C^aUc U jijl ) LT^ 

^J-O ^U^i-^aVI (jGlJUII ^jl_» UiLal_ JjjKI CaaAj 1 jaI 

l ^ \ \ 1 (<\ _I \ \ oLj)3t J _ ^-/xljj-S U^ 65 _ a_uJI 

^jJI <jlJJI CjI Jj U ^_jU j-Lx-^ SjUj <_ul G^Kj_o 

sill i J Jj jlj^l CjLjJLl^ i Jj) SC i S\ a Uj-c^Ul 
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-‘■’SjSliJI oUijji 

^ 1 1 Ac: 1 <LlL* J>LJu ^LjLJu <^LcjJI (JjlqlJ 

LS^ f £-° o4 ‘f- 


.j-^.ljlll I jj& yo j.^JJ UjL qjIL> ^JjlII jj 



^ j-TCJ jullo » _ S^AJjL^.I 


is* f' 


,-\Vill 


c| —U—°J ‘X^ 

t J / >*> \ (4 ^lLLUJ 

^A.\x.a.ll ^j\ . jJI 

L-iJlH J-ooc ^c. jjjjLa 
IjoxLtoo jlj 4_3 jJLo qIaK ja 
LK 4 u <tl a qLaj-1«-a I OdOk_o 
dllj jl £_a ( Ijla ,jun IjllK jJ 
la Loll . llaol 4jLjla_i ^—jo 

tk>I<L j_^ Jl <dj)l , J 1 

jUldl JaC. 4olc. La_o j\o_coil die. 

.<_uIjl 1I j_o c_3*^VI ja 
i <JlSjJl 1I 4,3 ilajll jl <(£jl.| jj.....U > 


j_aC. ^.*1^. £. cujollo ol Jjlll j_ao cuj < ^Ho_2 . j eotll 

(^J-SC. J^xVt \J JaAP-cuI loj < j\U-cuoKj . dllj JAO ^JL^.J j^Lall! 

. oljj-ltl O1 j 1.n^ 1 ^£.1 LclSj J^ « nlj lc.jju jjK| qI.aK 

— L 4ocjJ ^1 - qLj*_c^ jjfeJj^ ju—cull jl Cjy± ^ 

e-Lccul j^Q ^Jj 4_CO dill qIaK.11 6 Jo J-~c O^LoOtO cul ^JjlO 

too Lb I LK . 411c.LJa 4- IjU^a jlc. 1 Jrc Jojla i-Hl-A ^-Sj^ 

<SjLiJI 4obil_dJI qUKJI <1^. j jIKq _i_ul_i 4,^-c^-o c-.ijl.~bll 

4jKaVI ^Lccul s Lojl^ Loju-u ^ tbo 111 bilJKj <« rhythm)) 4 *1« 

. Jjlc. dlo LaIolaIao ^JlIIj — ^Ulj 
j-b—cull jl_> <y Lrc_>I L$ol 2 Leo <4—JoOaJl qLtcWI £"j— lb 

. l^J jbjAjJLl ^-IjlLU jj^OJ . oIjJlSOlII A Ilk £_A ^JaLsUlII ^.^.K,A ) 

c-ulj^c 4olocc^a -^1- LjLLi 4jlC.LojL^.1 qIoJIx^ ^3 lalj—2cj^li 

• Sj^l jll ^j-^.^fl cojIj^JI jc. ^Lc^S 4 ojJlU1 SjSIaJI ^y Sjoje. 

^oLo-cul (^-1^- cOjbUl loo^-g) tc-Lajc^-Wl 4 _LIqo (JjlLs 

Sjl^-oj l.llW^l ^_lc. IsLsLa-j jl lVK.A >j . L^jLi_ cuj Q^IK_ulo 

^jJIj 4 *jlx ja. 11^ coUJ^/l 4_cujLecoo qLoKJI j^Q jl ^L^.jjlcu1 

qLJLslS lolal jTcj! lj JL ^ oljlfLl dllo jujLeo L^oLs-cul jj 

. ^ ULJ1 ^ \ ^ LcxjlO^^ 4jl!lLcu 

— l\A^>1 A^~l~s. 1 Jl_^3 luljbi jj-AJo ^.\a! jl 1_ iKa > 

— joLuJl (^-1^ c_3jxJl jl ^-jjla-bill c-iaJ j| jullll —11K 

4ol^ <^C.| 4 -^.jjj .coLslI^I jl 41 -iauWI dlL 4_cujLecco j1jaju_u*^1o 
Q^L^-o ( aLuJL j^JlII J^-lj-o J^Lkj ilaljjb^l 1,1 > 

— 4_coJjLll looloj^j ^cC.Jo — ^LuJl Sjlc.lj ^LtlJl jLs (jjl .^jJccu 

.4olo_cu Ioa (J^J j\.x^^.ll t_3i3ll ^y J* ~bl JoLcuj 


An Aging Amnesic (*) 
Memory’s Fountain of Youth (**) 

lil jiUaJI <£.llc£a .in J\laj c-i iTib ibalsa = ) jJoJ I c_i iTib (^) 


UlK Jju I jU» .J >-JI ■ 

uls ill). :<tjy> U^Oi . lentil’ 
...‘till’j lent’ (> <U abji 
<«J UUj (jx.) 


Lo 4 aKI jjKjlII ^.1 _(-uVI jl . 1 ^ X A_CUJ jl LaIj^ jl 

jj J Jj-~cJJ (qLULujVI dj_1 j loo I 4 J ^jbsj-3toJ1 J | 

^Ail j-2cC- J ^ lb j J-AJ»_II jjojVtll . jlo colli 

jl I^IjIaswq t La LJLc iqLoJKJJ ^jKjJI jl 41^^111 ji 


( ) jLujLJLj uLao j 4.^ 

QcS-^Jj < db 1 A K 11 jKlo j_AjeJI jUoLo ^ A^iVwnl CjjK Laooo 

<<o^jlJJ 1 dbljj^-U jc <^^1 a> 1967 ^Lc _^1 

^o 4 _»_a db^oLli < -s. 4 is*t 178 j_o LyK a _cu 4 _c^LLoj 

<jj cuioj-jdLcUjl-A .W> JjlS j-A 1970 ^kLc 1 ^ 1 _ CUO 

< ^jJlA > jl (JjL^-CUjJl cj_cuK jlj . [M.I.T.JI ^-Jj^. Jolaj] 

£j\ aKII jKJo 4ojLc J iC. QlojJt x^a 44 j cu 

jX^oLo _cujLl 4 4 a^J jc Ldsj-JLJ .(JLoAO _ct <iJUI 

joKI j^ol» :<^yLA> Jl_i <more relaxed ((c-Lljo_cul jjKI)) 

jl_til <oU f JoLa-a j .more eased «I_^.Lojl 

4o_ luo La)) ^1 ((jljjoAJI)) j_A ^ jlis~\ a <olo EjolUJ ^Jj_ ao 

JJj J' \( 1 jij I uo_uo.)) AI J-^cO_cu 1 j£. Lcd^^. < (((Q_LXC 2 J1 

f. ^ f. f. f. 

6J^K ^LLd.1 ial jl ^ 1 ydl jJ LaK <jlK-a| J—lo| ydjjlta 

dlil JjAll jc. dlsLsjK J jl^J J-A^f I I Jo I-VA.4 jlc 

.4olUoLcu loLOcI ^oloLJ 4oj )x 111 

dl^lK_ lu-a do_cuK-C LaOj 4oLo 6jK-sJI J (QjJaja. J_ J jlc.J 

j\,l»l \ jl 4ojJJ ^iC 4o cullil 4 aK11 jL^jI <^jlA> 

^-cuLcu^fl 6j^\.C jl <do!!lo LaK j . La Lao 1^ wnl JJ jl^ 4 -ajIjla 

6j ul3 ^_3 6 Jo J_A. 4 _ajJjla jojKo 4 ojJJ_a *>. JC. j aKo 

<^jlA> jlc jA_ cooaJI i 4 1 4 ll 4oj| jl_) Ct^k-Tn_cul j .4dua 

. j-AOtJl *kj_SlU jllj-ll jjofeJoJI i Ljid^co j_ a 4ojl1a 




4ojLsJI dlLsja A^ill Jo j_ao ^ II ^J| Laoj IJA 6jjlil ji.J Cj 

jloKJI jOlJLdl jlc djUKJI ^LajjLcuI ^_3 4jla-i3)^ 1 4_1ojlc<1J1 ^ 

.4 \ a 1 4_aJlo dJlo 1 jlo i 1 

dilyjLc <^£jjl&> jio djljl_bu| JjjJ doolK jVI yL^. 

<^jlA> SjKI J jl j- a jj-AoJI ^kOO .6 jKI jJl -3 6jloA 
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4->jl A.r-V\q^n J 4 jl£.LoA^.VI ^ A l \ 3 1 ~X J 

jAd . <(£j .i A> 5 JL 2 J <1_bLxo 1 K 

^yA l,YW \1 tj^> _XUjJJ <_>Ljjlj LlaAAjI 

L^-Auj-o 750 ^ lc li oiH_ ljj 

u* ^—AA' (4>LA <j* c*A—““ 

( '>4<i ^j*X\ dij#! 

I A^^lAdl Cxi ^-o ^ * ^ ^x V> o — UCLA 4_a_oL^> ^_3 

<J_CLS_» 4_L-oAlO J I <1 \ \"\ < N O V 2 jLLJ ^yA J^lVvll O ji &J 

. Cx^-OjJlS Cj UK ^_S ^ALou_ujx 

cjL cj) a~^a\ I jj__a 26 lAjA^. _Lxll <-jL^ 2 ^_aj 

<^jjlA> ^c-A Li: 4 AjHo Cj J) ^ . 4_i_ xuLlo 4_lsI^_o ^) JJfcLxu 

,Jj>l^JI _ aTnII ^Jl ^c-AlAA-i 

lAl) &lAj j.'it\ Lo <_»jjl1JI oI Jj-Lo_U .t &> cjLi^Sj 

.2009 jxlc t^jjj ui \ \ oVLLlI ( ^a <J— ljAxjj 

U L^1 < (J Lii I Jjlxcu < Cj LolKJ I ^A L*_o i ^j£- LaA ( j Ll^X I ^j-Sj 

4jlcLoj <_»ju j^jl x ^i ^aJ ^>-^1 LoLc 73 ^-o-sJI d)-^ dx$_iJLJI 

jU lentil l5 3l3lj I jLo» Jlj_<_u ^ 4_>LJ 

^-Sj . <> LJj_X<£S HI I ^| d^fjLJH CjLJj)2\ll ^yA 4A | I^jLxJ 

" S3 

^j-c 4 _o_S lentil 4_o_l^ (jL»» <^j3_a> Ia^jlA. 1 JuLaJJ 

<^^jlA> i_'l\3j I jjd .« J lA Lojj lA Ho ^\aA ... ((till ((lent» 

l_L*jL*jlJI ^yA ^LlL I JJ£. 1^ 6 £j.4_ij J_o f- li-aA. I 

I 4 \ a ajlxI Li < J_A 1_coJ I 4 r,^ a -»v a \ <3j Ho 4 ^ \ ^ 11 

al Lo JjlC uxuilo aVi i Xa ^j_ol_3LJ ^IlJI CjLoJ^JI 


ij ) jl Iojj^x ^Lu ^-i-i-i jl 4,\S.o,i pLjoS LoLoj 
(j* 1 ^ ^ \\ ‘ $ I&lil (j^AU dJjS ( jjj-AJ pLu ^rlim 
.4.0ij^JI ObijSjJI J-a-o Jjxj Sojj^x DbijSj Ja5Lujj 


4jLs^»_o ijjHo ^J| ^llLx I <(j£ jLlIcI jjlC JS_UJJ 

dll i 6j-o£. <j_o _‘-‘J-ll ^-U=lo J-Aj 4 Jl11I CjI Jj-Lo_i 

S (jL^T 1 _ L ^ lJ 4 jl3UUlL SjlSI j_i ( j-oLA_ <JjI 

< (jj±&> Sj^l j 3 ^^ ls4 2 ;^=““^ ^ 

jJlC J(J_AJjL1 (JjJjJI 4_oil) j .43Ll£x (J^iLk 4_ SJ-S-IJI 01J J qo 11 

e-SlLiil I jli ^J-^J J- <-^Aj Lojj 6 j^I jil ^^JLAjlL 

^J| ^,^,^>.1) c qjLflJj 4 ijl (J^jLslj ouJI K ,7, VI O i 

.4_ij^l dllj Jjl 2 i^£il CiLoj-lxll ^Lu-oj 
^Jjloj ^Jl c.j i 1^> <73j 71 <j_<_u ^_a <^jA_a> (jH Lojjlcj 


u^l jAi 


.E .L> J—3LJ Lo ol ^_S 


^^3^-0 (J^ aVi ij L) JLaJ CJ^ _I_u_i ^aJ ^)| Lo^ . 

4_s jHJI j| 4 _LLj1I Cj Lo K11 ^y£. (JLoJLji cuVI SjjLJI Cj Lo K11 

73 izj Ay a .((quintity»j ((frendlihood)) Jlo 

<cjLil^xVI ^^j-o %82 ^ _dj_i LoLc 

LoJ jlC ^LlLxVI Ij-A %86 4 ji_<_oj J^x <^^jlA> ^j| 

. Lo lx. 57 o c. 

CjJ-ju£sa IjjjAjJ _dloll CjLojlLljJI I lilac, 1 LoJjlCj 

bk.^1 < LiJ^x_iI 4_ ljj^qJia CilAlLxi ^ _Lc 4X.J) iLo cd oK Jl_C 

La j ^4^xJLi_o/ _<_u ((triage» <^j.\ a> 

(d)LA ((thimble)) 6<^l Jh ^ lUAIj Lo) ((triangle)) £ 

((pedestrian)) 4 ol_£ 1j-ij «tim-...tim-BO-leeI_ a1jH Al 

<^jjlA> f-lkix] cuH j -ll .((ped-AYE-ee-string))£ (Si_ cAlo) 

j-oJlII C^ojVil 1 _Lx^.1 J ^ ^ 6d^_s 

< QjlS jiSjjLi <^^jlA> < jJ-i-i Lo ^^Lij n^l 

j_LLLII jA» i ^ 1c j_i^oJH j-LHil i j jjtlill cj! _oK11 ikLlj 

JjlC (JHJI ^_A Lo^) 4_colixJl Ij 

Cognition and Aging (\) 


6^ILJI u-i^j-i A)l * 4jl^Lx ^_s jiiV i 11 jxl^. AL_ ljj i 

<^jA_A> Jjl£. iijJLill ol JjAll 6j!^I J j \~\ Aj _<_u 

<(^jA-A> 6jjA j\ j j 3 j Cj Jj I jAJ .M.I.T. ±Q »11 ^2 

((squander)) 4_oK ^AaA I jl_o» Jlo 4_L_ lx.1 £_o <Cj 1_o KJI 

cdoKH jLxiixl C5 jA-1 ^JJAj ((S(c_aj-oja) 

<^jA_a> 6 jSL& \\iCj Lo^ .((squander)) ^_ IaA ^liJl 

l-Ajj) a^> 4_SjJLo ^L_<JuI 4 jlo _(_alJ oloKll CjI j-t-£sI ^ 1c 

. (JLc Cj j) A^ai ^JLoJLj _t-uY! 4 1 \L11 Cj 1 o K11 l^-i d) I j 4_i_^a j^ji_o 

<f^UI ^ ^j-o <^jjlA> o~) LojlS j no ^_o I 4:1 d j^ixl 


.((rhythm)) Jlo o 1 oK1 SjLdlll 

^1 oUKJI _o Cj LcJ) 0^.0 < l jjxojl^x> ^_o CJj~yA I jAj 

<4 jLl^x ^ 11a.o l o^^. <(£j ^-A> 1 ^ 1 o>3 <-ul 

j 4^K Jil 4 jlSjulLJI 4AjJlLI e_jl_ ojla^I <jlS (^AJI 

<^jAA> 1^_LoJLJu_uI ^AJI oloKll ^_xuI^Jl Jjl^u-ujLII (jxil_<_uI 

jAl. LoLc 44 6j_ clc.j <Ax 9_ < - a ^ Ji 4ji-ij^. _ jAI 

yijoia o Jjl Jill 4,1 d ^ jl Jjl J_AJI 4 jJIa^ oloKll I_ IAjuxs 

JaAs^jAalji Li) .L^J^uLlJl (JL r\4~ I H | 4jlAjl\ CjLljL-ol^.| (_5-^ 
oloKll A> A Jl {ji (Jjl JjJI 4 1 iUll oloKll Ll-xjLlj 

^.(^j2sij-o jjlC 4_SjJl11 

. Lul^. j j-xuu I ^A jLlLxVI CjI uiL CiAH 

jxl^. 6 jlA <_u I ^_A j <<dlj(j-i .M .D> L J^JjtJ I ^ I C.i) < A ^ J aJ 

^_3 6j-ij£. u <dll4:l LA^Loj < IAj-ojj 4_l 1^ ^_S 
djjjiA-oAj 73 71 ^L^u^l (j^L^uJul jjjjjlJI 5JjL^-o 

loC -j ^AHAj ^a - f^i>A (^jA -lxuo dx>^J <4ujH A j— 5d Aj 
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£X\ jJia duGjSj u! 

qo oLbL43jVI ^ Jjuu JSdu 
Llajku £_oj ,(j\jlua\\ ^k) Qlj^x^xll 

<3 1 )lr~>* I) OUsLujVI did jlk <J^L*J| ^ 

.^j-aiui <v q*<rVt <LuL»jSj JIaj ^111 j 


GjIIaVL f«pedestrian)) ^ e Jl 

eULla cijl^ dJj£ 


^_a < c^j_i^> ^<i_bLo-o 

jLlL^I ^j_uL ^jjjlII jLjGAVI 
I d& j . *'^ \A < n3 11 (jku xj 

a 7«^I ^j_o ^Isuaj <^)LlL^.VI 
4_3jJLa ^ L-(Jul ^_lc IjGjjGj ^jl 


^IdL-aJ Idjd . ^xldlL) 5-oj_<_u^)-o 






la i a^ 1^1 l^j <Gr^ .S> <<G/_ A .N> <<^_L^jLS .J> 

<^jjlA> ^dJ j-^-b <M.I.T. dfl all dlld—11 GjJ-^*^ 

♦ 3^ jP 

oUKIl <G^_»_a ^_a 4d5Llj (J,G is~i j^.c- 57 <>— 

d-J^-^-f- 5 73 G)- i - u . 4_)d IGLII oloKJI JLaJLJu_uVI 4_LLaJI 

j-Liiill ^_ldd . <31 j ^Lg_2>.VI ^_s j . GA ) ' dj L)j>3> ts*> <_i jJ 

JjJ) A-r^ill 4 _JLA_<_<jG ^| <^£jJL&> (^jj ^-1 < 4-jLJJlG.l 

^Lc ^ <d_uljj <54 —<_u ^ LodJd. 

& LLx.. (, ^ I 73 ^_<_u ^_s d-^d <^dJL&> GjG d.)^) ^ l^i I 1984 

((Compass» J_GLa cjLoKJI JldG_<_J ^ S 

«ice clippers)) JIa <£jljll jl <(4_1£1 a) ((protractor)) 
djLoK ^1 ^GA.1 jl <(-Ul1VLa) ((tOngS)) 4_I1) 

. (idu^jLj) «trellis» (I4J V) ((trake» 

<(y£j^>-1 4j_uIjJ ^jjxju^ ( Cj 1 ^ K11 S^l^ja jLl^l 

<1993 <^Jj_.r .b> LlIxJI cjI _cul^jJI L^jJUaj 

djL \ I <L)dl d^j — ^ lo Lolx. 67 <^^jl&> Ad 1 aji\c. 

djL aKU d* 1 4 1^la • I A dj-)t^ i Lul * ul^ij ^ <1 k \ < <« \ 
6<i 1^ <^jJL£fc> lLa^. I 71 (j-*- 0 J 1 ^_mV) 

. d&LiJl Vcj)r> %9 6^)1_ui\ (JjldA djUKJI ^j_a %67 

^_a I i-u-V) d) LaKJJ j-^-C JadS m d*-)J 

— < a K 11 <^lj_^.1 ^jLi_CUJ^ 6jjd^. (> LU-k 1 

((formation)) 1^1 (jafTG) ((affirmation)) 

Boston naming test ()) 


((tr _) Idu <JI )) Mlo — VajJ) A^a ^jLaIj 6 JdL 
xnll ^^^11 ^1 jlj 


u jli 


dlJj 




< aK adjjG J-A)) :^Ha < a<i^\ < aKII ^-1^. )j _dill 

Lodd <bdl <-3 jJla dul^ ^ Loa-u I 1^31 ((S^VjJluij-* 3) trellis 


JjlLs Jd*J VI <)^> is** djL)U.I .Ua ) <j| VI Llj-u 

<3jldL-ul (jl La^ (A _t <1V) &J-AJLJ ^j^G GjLLa 

^UtlA. 1 (—)5\j>jI j _ ^jla (JiI dGl^ <ju>j) 11 djldd 




dl (J-A 

< JUil J_u ljj ^ U ^ 1) <11aI 1I GLl^l ^_a j \\ I 

La-a 5(( sidion» ^ <-aL) a snail)) <^jjlA> ^_a <-u dil 

.GjJlII 4 a K11 <sd^J 111 I dl d> J * “1 jjdd ^Jl ^ ) x “ 1 ) 

aIuh LU1 <4 \^w^3lL) jLGil bjLl^l j 

jG <« bicycle)) J_ jla a jjlc ^ del -^Ldl dj I j 4_ aJS ^Jl 

.« bic_cle)) c_ajj 11 d^. I 1 ^ \ a a 4 L-^G I ^Gjj_) 

^IjGJI «y»j| «i» d —^.1 IjjlGAa GjI jll (—ilUjj 

^_S £C_Jl^_A<2l 1I adj 11 <^^JlA> ^IGA.1 ddj . ^C, )^w lS*> (JS_GjD 

f%82 4_)_(_<G _dull 4 _lL> l a\ v) <o1,aKI 1 Gh° %65 

4G^Jl1I oLaKU <(_^d^L^> J^G ^^-11 d ^ 4 <! ^ La_a 

. 6dLdJl 4 \^w ^ \ 11 d)ld 

GA-» < (^d^ > dGd j^j&djJI ^ )^s .)a IgGjij _G Gh°d 

^GLUj (G-GIGj 4_^LLa_)j .6 ^-Ad G>° cd^-f 1 _ 

djjd-^dii did Gjdi!l s^SIdJI G;G 1 \aIc 

_db^ 6 - 0 <=-ldLjl <C>y-u! J£_^u 

4__i_ul^)d <JLGl1I (J ) \t n ^ 1, dj .6^ Ad G>° C/_t <1 A A II 

^J<| 4 )11 1 d ^_Li^LaoG^.1 L 4 J ^.L_£ ^_jJ I <1983 ^1_d 
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LjljI jV^C. I <^j_caJI ^A ^xJAjLo^ .Anil ^jjj^xj 

6^l^yi Sjlcl j\x k 4r_. \ IjjLjjSj ^ A> l^J ^ \l~T\ x <n Lo LJLc 
^jlC LjulLLao ^cjjLj Cxaa^. A <<^jjlA> Cxi *Ia 1_a J\C ^jjI^x 

.I JJLj 6j-ouIjlj ^£i1 j jj)Jalil jJ-C. jjjAlJI 4a^ wlj-a 

JA3 <1967 jxlc <^jJlA> CxLIa ^_AAlj 1 J^GLa CijlS ^jj I £._aj 

<1966 jxlc ^xj jl\*WV1 <jl jJu-7jl> jjjAlJI (7)1 

4jj!$jj ^£jJI _ *jIjJI ^j-° l)^- 3 ^ ^J-ll I_llH-Aa ^jlj 

. Lajju-u L^jLlcoA ^ \ VSa s V 4-fljA~x 

( 5 J-i^u- ljjj < Jl-2x (j) ^ -Lj 

(^j^jj <^£jjl&>J ^Ao^sj 6^I^>j 3 J iC I Lojujj . S^jLsJI CjL»j^J-!I 
<^jjlA> <j| SL^A Cjj^Jj <jLlL^.VI 4AjA ^Jl ^JiL_JI Aslj-oj 
I Jjj jllxil (7)_a j ^ 1 jx-^xj 4_ulcj ijalLj 4 jl 

^JLslII j^JjI (jl ^jjJAoj ^jjjjJ . JjlljJI 7)A 




^1 , 


4A»^Ls (j£jJ C^JJ Vj <4 jAA1jl 1I (j-C. <^JJL&> 4 _ooaJ 4_U_uL_u^I 

.<J ^Jj£l j JJ—2x1 1966 ^.Lc ( J a JJ jL"Jl dilj 6jl — JjJ 

^JjJlI oAj_ jljj 4jAJjjl!I 4j15L-x Jju-^Iaj (7) 1a <dl!jJ 4_ ^juu^j 

<££j 2L&> Jjljj^J IjJJ^ 4j_OUJJ ^Ll_<-OjJI J-2XJ jJ^lA ^j^I 

l^JLaJLJu-ul 4_zxj I ! Jjl jlJI <Jjl1a 1I oUKll 4jj^lj ~x \ LojA 


6 ) 5 jS) jJI 4 jLlud 

^A 4j^j _All CjUaLuijVI ^jLi (jxiAjJI ^lalc l_3jJU JjAC jA_oj 

dllAj _cull ^A ja.JALll ) j_a ^jGj ^Lajll A-JJ-^-ll j_ lLaII 

lAlXjAI ^2X_sjA d)lju& <1 jjjAll LxiljjSj Ju-AI 

L5”^ 1^)^ A A-ll^9 • I 6jI*JLaj 

I^ * * _<-A jl LaIj^ < 1 ^ jaJ I jIa . Ijjlj 

I a K 1 ^ a Vi LAlA JIJ4 <A& ^cju-s^j O Laj) la 11 dli> Up ‘u^-i 

. j_aJeJI ^A Lxa JAj 

<Aj-3i_a j ^ 2 xjjA _Aj Ojl Jjl J aJ 

fl^AjL-OLJ jl <^jJlA> 1 ^ 1 <_gj L IjjU ^1 oUKJI 

<^>AJU-JIj CA-JI ^A dlljSj 6j-a£. (j-° C/_tjjLAAll 

(J Al ^j>a <j|^2| Ac La-a jAA £>-UC jjj_AjlJI 

O^lAlu ^1 Lliljji_(_uI JAS <^3 (j-^J • 1^_Ai <lAUJIj 

4a 0 3II CiL>jSjJI 4 j 1 \t 4jUL*_a 7)j5vj ^| ^122 




AAJj 


*\lA\ J Lx I Aj . LaLaj 4 jl vJ^i> {SJ^ ^ ,,» m~i ^ L^ 

<jj-Aj A ^xaj—J ^1 jl ^ A ^JLJLJ ^jl 4 jAu —II 

jAlJ 4 jl vj^>. II CiLijSjJI Jalj ^j| ^j^_t^AI > AiiA J-JlLAujl> I jAa 
.^ j-ajJI jjj-a £_a Qjla u jl Cjjj-Aj ^-11 ot-A^jJI (J^-a 

LjJ^.1 4^x1 j 1 aK 6A) (7)1 1 ^ \\a \ ^liAl 6jl_ C.\ ^ 

4 i Lk. 4 ju-<£SlA-<-L 4j^2x3 ^ | 4j _ui\a 4_a_l^ 


- AJ^XI - 

DonaUJi G. VJVacV^s^ 

ts\ jjAA\ 1 ^ 5 ^- V7ij^kA\£» ajuoA. (jnVA\ AVl—ua\ ^ <^^\.a> 

dljJ^I (XilxU)) vA& t fs ^2^^ tA.TA 7 \\cfA\ ^ 4 ..~ .,."A 1 ,A >s p, ^j_a 0 ..VA\ ^Aa. \q* >& *A\ 

.IA9STT) 4Aja1,I CjIjL^XIj 4x 111 ^ 4i^LaA :Jj)l<.illj 


Memory Maintenance (*) 

The Organization of Perception and Action: A Theory for Language and Other Cognitive Skills (1987) (\) 


- Sjljl<-U^U £^x|- 

m Supra-Normal Age-Linked Retrograde Amnesia: Lessons from an Older Amnesic {H.M.). 

D. & M^CKay and C- Hadley in Hjppodampus, Voi. lfl. Wo. B, pages 424-445; May 2009. 

II The Neural Baals for Aging Elf acts on Language. D. M. Burke and E. ft. Graham in 
The Handfwok of the Neuropsychoi'ogy of Lsogyage, Edited by M iriam Faust- Blaekwell 
Publlshlhg, 2012, 

■ Compensating for Language Deficits In Amnesia II; H.ftfl.’s Spared versus Impaired Ehcedlng 
Categories. D. G. MacKay, L. W. Johnson and C. Hadley m Brain Sciences, Vel. 3. No, 2, 
pages 415-459; March 2012:. 

11 Errors, Error Detection,. Error Correction and Hippocampal-Region Damage: Data and 
Theories, CL G. MacKey and L. W. JcLinson in NeumpSyCfiorogia. Vnl. 51, Nn. 19, pages 2639- 
2650: November 2013. 

■ Permanent Present Tense: The Unforgettable Life e# the Amnesic Patient, H,M< Sezanne 
Gorki n. Basic Books. 2013, 

From 0u/Archives 

■ Making Connections. J. Anthpny Greene; July/Angus! 2010- 

■ Trying to Forget. Ingrid Wickc lgrtn: January/ Feftmary 2012. 


Scientific American Mind May/June 2014 


4^^.lj>c (7)1_ M <ljJ . JjlXjJI ^ _Alii (7)-c 

jxCjj ^jl 1^ j£-Cl\ CjLiij^ jJI 

^Aj . I^cLlA Ja*-o (7)_o JJaIj 4a J a 

(T^c 4\ 1 \11 ^ _A> 4JU 

L/_H 1 \ ^h JjA 

J-»jALl 4-1 j _(_uj (^\ <^jJlA> _1 

^jjLcxjlII {ja 4aJ uALil Cj\ _ 

(7)-c ^ jJI — I JJ^k r> 1 XA 11 J I 

• I ^ ^ 

LojA JAA (jl L^Jjl <4 jj1=ljJI OAA ^xAjJj 
(jLu_alll (j^AljLJ 

4jL^_jJI (^A (jj->l \ <^jA,a^^.II c ^ \ll 4 jJ) 
£-jj _i_u jl 4 jA ^_1 Lxo xl^Li 

(jl lAjjl LoS .Jjljlll 4 _UaII qLojUa!1 

( JJA _(-ail (jl^ I jl LojA lAj_AJ 

i Jj J^x CjIjj^J J \\ JLul OjlcJ ^J-C (jJjjlA 

UU(H ^J is \"\11 tg_>L^| ^I ^j£- Lt^Ai^C 

^1 JjxjA ill jxjc <(J_‘-‘jJI (^J-S jX JALII 

^-caAl (TjjJ^J I- oJjA dl—Ijj l^J 

. 4ju_alil CjLajixil dilj 4 ^ ^ 1 j; a 
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SMloom 

"ai 1 UJ aiui^ obi c 

V^^cA-iua-ft \. 3 ^ ^ s ^A\ ^A_a^\\ 

,<CiAj_u\\ o\ H\ qa q^A-o>\\^ A,\ju>t-s. cA^Vl. 

<iu^, .S .K> - <J^j$ -M ,A> 


12/11 jbAxJI 30 alaJ.1 
2014 jAAujjlj /jxa &£j 


?J&\ 


I J_A JjlLij . 1 ^ \c. i LfljlJI jl *LlLVI LuJI (—ilUj ^A-H dlLa 

Ills <4jJoj_tX» «a 3UJ IcoC Lujuajl . A^ \ La j \ c LaIa La^aJI 

J_2^ L$-L»_<-tJj l^A_ <-<jl^ < La) jLc ^A ^S^mII 3)-° (J±AXi S& 

!CaL^.lA-o 6 J-C Sj-^1 J (j"° <tnl) 6J-A ^aGj . c- I j <_u 

<<jJj 6jj )j i—Sj-t-alj LlaI^j j Jaa j-o^fl 3^ (jlj 4 j| 

. 4a6.j (J-o^l ^lc ^Lula^aj L£j L_u J_a^6ja Ll£.LoJ 1*3^ (jl 


(**)qL2la SjLxJI la (jSJ 

lj 6 JJa^-o CaLj ts~T\ t$A a^ja j Jaa La ^£_Lc Cal jLsJI 


jl jlol ^Jc. £-AA <1—aL-^iC^l jxic jLa ^j-C < LgJ^Jj ^^jJIjlII 

. ^£jAnjLjJ I dl^LcJ | < 1 1 ( >**s 4 A < (JjjjJjjj 

^I CaISbj) Liill £Aa <L*HI 4 1 a nl a nil 6J-A ^AjL J_6») ^Aj 

Jlo£.| 3 J^f j^lojJl JL^o jAj-lJ ^a5L Loa U1 Lfcjl j| 3 ^ * 
^yC J \ '\L 11 (_J 1LaTl jAA. I Ca l^J-1_ UjJ ^J\ O S LoJLU 1 J-A <<a1jL>-0 

i 0 1 « *i*4^ t . < 4 L jV jflt 1 A 4 4 4 1 4 < 4 4 L ^ 1 « <4 ^ (] L ^ . LlLsLL^ 1 44 0 j*\ 

UAJ^A .<uLJjJI LuajUuajL^Ij <JlC Lojl^^ I j 5ajLLI LaLua 

6 JjAo j J n L^jI \ij << u» a CjIaL _i_u ^_S Lj1^jJ_<_u 

. Lj) jlc. (J^ a7m cJi^-cu ^jJI dillj ^3^ ^ 0"°J i ^J jk ^ ^ 

£_aj . I6 1 ^ 4jlLcJl 1I 6 JJfe 1» \a\-s. IJ_u LljI 


GOOD HABITS, BAD HABITS (*) 
WHAT IS A HABIT, REALLY? (**) 
habit circuits (^) 


J-J JjeJl J . <-> jl MC.V1 CjI^J) 1 A n 11 ^JuJbXa JJJLJ Llc J-i ^ jAj 

^_s SjLuLll ^Jl &\ _lLjaIL LuL _cui ^ ilVn < 1 ^ 

_<_uj < LJ 4 _ajJlo 


^SJLJLJ ji.ljL 

a ✓Vi (JiS ^lc 3 _^jiJL Liiuaji ^lc Jau V o_<i_JI 

6Jjju-oj I -L \ A^l 1 Cj I_ \\ A\C- 3 h° ^ A^^s. i Vj J_a_i V La J 


,LUL <L1 tiin LJ ; 


JaL_ua 3I 3 -^a CjIjLlI 3^ ^J .SjLulll J^aL 

jjL ^_> 4 Lu ^1 jAll tj—U j . I ia <k^LJ.I <_£—L 

^ ^jjJI CjIjI _sJl Lai .dUj V J_£ ^IkuL _LJI 

-Llj^VI 3^ JL^-o ^_a 3 mA^ ll (J_t^jij 

. LuL.^. 31 3 ^a j' JSVI 

31 ^1 < LjI^jl^. 3_° ol jLlII 31 £_aj 

l^_a J3^d ^A-ll 4 -lL^JI Jj„L^a 5 jlSLa-!S LLjI lj> aA 3 ^LaixJI 

3^ 4 <_ 2 j-»Js 1 dlL 33J 3-° ‘3^1 -Sjlc. ^J| I jjjaa. 3^°^! 

3-0 ^J^i^jJI (^-L. ^uLJI _CAJLO 3\ A^^^.11 ^_lc (. _\X A.^11 3-0 


.^j^.1 oL^-iLsu ji 1 j^ sma i 1L ^\j-ljj <<jlu-aJI cj! jLLI 

^L^aVI ,ulj ^t_o_<_aj oLuajJI ci \ a^> 1 1 jjl^. 3 

3-0 A _cujLoj Lo ^lj(J 3-g^ ^^J-ll ^_ jjla-ojlII CjLJVI J_ 

< ( ' ! Lu IJ lx ol jIj ^j-o—CUJ Lo J-ajL^-A cJJj ^ Lu 
6 jLlsl 1 I caLajA-ojJI 3 j j^ 3 ^ <Jj 3 ^o 1 I -LaIjjJIj 3^^° 

CaL^jVI 6J-A 6jjlj_II ,A£.I_ <-^J • Jc. ^JsaL^JsIj 

^Llaa 3L0JI j2k^A» 4_A cajU 31 4-jl A^iC^fl g-lolc. 

3c la \o^k jcaI£J LljI jJjl» Ijlij <<j _tn^. 11 CaljLaJI 

(_uL^. ^jJI ciiljj < L-^Lk LoLojlAI 1 ^-jJ^ ^ ^LjuajJI Cal jlaJI 


^Ia^\jALj 


cAl^ja Laj_<_asi CaljLiJ ^1 JasJu-ajL jAjLkll 3Lj^- 0 JaAaJI 

. 33^11 L>° 3 - ^ a 31 3 ^e cL < 6 JjA^kj-o Sjlc 

<<JL£.Lacll ,^-fJI L_s J-oAA 4 jAa^JI 3 c J^l ^ Jjt 1 1L 

<La_a_ua ^La^jJ_<_u CaL^.^lcj Lj^l ^1_^-»l g-LJ-xJJ 3 _ 


Cal jlaJL <-A^2>Lk Caljl J ^A 33 ^ <IS^l. Xai Ll.\\C 

SjlaJI ^_c Caljl J_ II L-oIauaj .^LajJI ^S isJa-LJ.! <aLa-o ^.a^*> 

.^Jl JaLiill <Sc^.j jl <6C^.lj ((<K)) I^Aa^ja 

SjjasJI Sj-ujaII ^ 3 I 


. Ifl.UAiij L,\Ai>^ <Cal jLsJI ^IaJJI LccLu^ Sj-Ciill 6 jLli.nl 3 I 3 ^aj . 6 A LJ I ^ ^al 


the neocortex 


I 


34 





































<(( )» JjLdJ dLl l^tla . ^((jdjJLlJI ^jl^k)) lt°—“ i L> 

dlj^ 1 . La (J^_UJJ £Lil5La ^Ac. J ' ~ £j| 4jlc. La ^_AJ 

jij 6 Li Hi) <J V dLLa «<—>» j-a^Li Cxai Cu I La I Al 

— ^jl^UJI — lijlij_i-oj _c ^Alllll 6jJfej .<_j_iLai 


. dlld jl ^L^jVI li_A ^ji li^jlcu Jjl^Lcu-oj £»ijj 
£_a J^il^X! ^LaJI ^_a l^LisSI ^ ^lll dljLcuVI n jJajj 

djLcul^)jJI <julu La <^^JLjJIj isojj-ll ^LllJI lj_A 

dll AM La_&^l^ L> 1 ^j .r>j < 31 !j_tL .w> LajJjljI ^jlII 

J*' dMjLi£fl j <^j_<_ujj_<_JI Fribourg £»_aLc ^ 1 ) 3 Loju 
<^11 j-a^flJ .J-ojL-JI *lak J_> ^Ac j\$MI (v a as^*\ 
j-a j <((Stil^JJ j._a^j ^^i lUlAJI cjIjI _till)) 

^dl c j-^iJI j__jjij l _ 5 1 c <l>oiil —cdl ^jij Jaj <Jjj I—a 

^i_> La 1 s&XjlulQ j-jj-si 1)1 _luj La j^joj A,^, ts~ij <i J 

L_ijLx-ijj lliLs_aJj ^IlJI olj-ijiiJI 6 J-A cM t<t\i ^ LajJ! 

<JlL^UI <jlsI jILj • 1 ^ i\« t J-oC dMjl_uu_a ^j_a <_a_La jl 


DELIBERATE BEHAVIOR BECOMES ROUTINE (*) 
the doughnut (^) 
obsessive-compulsive (Y) 
reinforcement contingencies (r) 


l a Kj . Ll-JL^ ^_a ^ ^ !)^a \ I_a_i LuAG l^ili <d)_lA 

LAIS j*A ^j-aj <<J l^ljjl Jil Ljl^ju-^| < LjLc La dljJ-cu ^ual 

djtiLsI LL^. .dljJ call dllA ^Al ^llll fcljAjVI A !L^ jiij 

ji_a S^“LLiilj ujLJI cj iicI SojuJI 6jjL»_a JjLa _aJI 

Jj < Ut i I a <b-aJjj I Ljl 1 Ll^. J-a£. ^-a I Ji l \ V I JJfc 6 ^Uji cuJ I 

^jLej-cuj . LJI ejj I i m ^jG <JLJu-uJI CjI jLsJJ L-GljI £C_a_cuJ <j| 

<Jt XA t jl Jj J _ cjWI J-i JJlJI dljJ-i La 

) j is** 1 G J- 2^.1 j 6^-a CjI _a I j) 1 ^ 

Vj <jji^Li ^^\(CU-^JjJ 1)) 3 J^-a j| _ 1 I 2 JI 

fA9 ^ aij^f ul 9 j ^? 
lUli^ ju^j L 11 A 3 1 ' ^ 'j '”' Jjjj ^ jjl I j A J 

.^LjVL 3d» . lL iS>Ts (jl CjIjLsJI (j| I lJsj I 1^*-* 

j_ijii Tj_C jl_a_aJlj <t-JJ_cuL^JI ^jLsJl Ij_ 

JLiJI <LsjulLlJ j Gj_aji cull djl J-Jjii-llj 6jJu-OLaJI JjI cujJIj 

jjjilil dl jJ _cuJ 1 ^j_a .Ua\l ^j^a ^ .djljd^llJ ^LjLslj 

Lijlj| IjLl^l 1)1^ I_a J^-a ^jl ^jl_ajVI ^1^- ^ _JiliJI 

La <Jl_cu_a ^_a ^l^_c«£i ^_a cjLcOlC^I g-1 ale (Jl^ • I ^_aJUua 


Lftl^Llj <<-ijL»JI djl jLsJI <jlcuj ^jLajVI djl laC. dul^ til 
^_lc <ijlala djVL^. UjlG^I Jjl\G-1L> ^J\ a ^ <j I ^_a < L^i-a <ilj^ 
(j^-a-» j)^.\ll I J_A J .<lc^l^iil <icaicJI j_2cVl cJjjUl 

jxil uj^J l Jla <5 ji cuilll 4 julcoJlII c_^J^ lsJI ^ 1)1 


J-al^ djliJ-^GJI jl jl^-a^l <JLa Jj_^G_cuu ^iJI {y) (jjQki\ 

jl£-a^U ^j\ a ^ (^iJI ^jJlcoJlII jLl^_jVI JKxV.I (jA» <1)L^JI 

l)j5lu Laujj . 6j_au_cu_a djLal^G ^_a 1)1 <JLa 4jljlI _cuJI 

^j-ij-a ^_a u A-cujJ I ^_a ^JajjjLa 6 jLsJI j> 35>lil J K xt .VI 

djl^jlcuJI 1 a^a JJLJ l)jjll| < i a nil ^LcOlGI ^_a \j d^.^iJI 

■ < K i t‘a l^jlll ^i <Jajillj 6jjiiil 


b^jlx iS^L-u Jj 


J-AXllI jVI d^lcoJI 


< dlJ) 1 a n 11 c j vF> l)_a < a h ^ a c-ul^^. l)-a_cG ^jS ±J djl jLsJI 1)1 £_a 

< Ijjj^n HL^a .<_ij_A^iJI djLa-cuJI (jA» ^ l-3»_a ^-culilj l^i I ^fl 

dl_cuij ^Jl (_1UI .6 Jjljl£. iS^s <JI_ill Jjlj _cu 

^_a ujjljLjLII j 1)Uj <((dili J-*-s l^c L-LajjJI)) 

C-U-cuJI l)_a JjJLJ 1)1 l)^ajj !l)l_i^.^l (^.1 1c 1 ^^i <1—Jj_au 

1)J^J 1)1 JJt-S < Ij^kGLa ^jLj La LJLc jliljVI IdA 1)1 ^— !| 

. <LcuJ-ala Cx^Sju^ Ij <i»_a JjL3 ji dljlcJI 

cJl J-^JI ^ a a <(J^LL A-^.( jLlsJI I Jjfc I dij 

<I=LaL^H j dlJ)lccJ I l)jii 1)£. <Jjjj-cal 1 ^LajJI djl jl J <£.ja^a 

l^_i ^kjij liGl <_J ^Jl <J_ctf 2 sGca dji^J-1_colli .<Jl1c 

<la ^^i dlli ^jJUj <dili ^^i V La_U£- ^—jLi. 
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Sj < 11 jya-kjjj SjAxla Caljlj Jj—^—1| ( 1*Ad 6jj—2-llj 

6Jila LJ ^_lc LJI jkia LJ —ill <neocortex Sj— 

<Ua£lUI dixJI jS .ja J <striatum JJtAJJ juj < Lui caj JJI 

Jg\ ] . Ill La j j a JJl Jaa J jJb I a j a j < basal ganglia 

Jl <Jaj^\.ft Caljlj_II 6J.A jc_Ju-OJj . [?& A_2slu-^\\ J j\_ 

.SjLaJla jl Ji j£- La I i_lj i s~\ \ \ La JjlC j I jJjlj J 

^-ls .<iaju_u_> Ca l£Ju-u Ji \ Vn j)J_3j jl ^ \\x"\ \ La-a_S jsj 

La JjlC T J\ a Vi ^Jc i-Alla JJs ^Jc (J-^^JI Ca-alau ji.Ljl 

((jbul)) J*, {J Jftil J^ j .aVl uilJaj .6 Jl £-a CUJ 

C < a~ 1~ J I_a JjlC jlLla ^__j j; < ^ “instruction” cue 

sL^GVI dllj (j-i^Jj T (JiS_dill ^Jcl Jl Ljlloj jl Ijl_ <_ul> 

V* (jl 111 J-A jt£j . Slll^-ll j-a JJ £j Js. J Vj 

J < La Alajaj dlj_ uu jLUl (^jl_<-u_aj L>) J> j\_> £^La Jl j-LaJ 

. £jl_C J <((<Isl^L^.)) \ 3 4^i^J dlj_cull j-a <J-coL-u J^. J^-ll 

\^J La jlc ! IJ Cal jlc CjJ Lill Jjj^. jl J^jl j al 

La j\c Laj^G (j-aSjJ JaS jl Jj_2JI jli <Sjl_uu jJlC La Silica 

0^1 Ca j; < j 1L>1 4 

^Jc laulj JlGJIj j^La Jl l^_j _ Sj Jill AjlIj^JI <_3jJLij 

(Jjl^-cujL) M.I.T. SQ >11 j j ^ A I J_i <6jLc (JlLa_i <j| (J^- La dlJ)1 a<> 

' T) oL»3j^UI o—<> 6j \k Cj I_Cja^l J>Lj-Ul _jilll 

La jLil j _ij .L_ UlAJI <_ikla ^s neurons (Cal—1 ^xuss.) 

5_aLLLI Jjlu jl'ij_aJI Clul^ La j\« <a . Lu_Ju_AJ LlAjj^ 6,_C^j 

s (^jJI -UJ^L.^J.1 j-a ^j-JI CjL>JJ( 3 aJI Cj _^ <Vjl 

. jljjjJI <jlS (Jlul^ (^jJI ds-2jJI <LL iLs_ju <^jj^JI 

Jal_tlu |j_i JjLucI j^I ^c_ju-OlJ jJ _cu ji^.1 Lajic j^J 

<LlL j$ <_oj j (j-i^jJI <_sl J_i (jxijiLi CjI Jijj^jJI 

jj) I jluW I La^ ^j-a^fI .Cj^JI ^j_a jJ^ (^VJ La 

tfi 

< JaC- iil Jj J J^ItlAJ.1 Ij^LL ^Ll^ j_a < Ulii £JU-^| 

jl^ jas . [XiA^iA a" s.\i^W 

jl j-A 6iaj jl^ Lojj <UI I J_i (^jJlj <c_JjJl-a jjlC LLa-dJ I j_A 

i qilan (J^- J^-Lcuj jl j*\a s (iluu-yj Ax Jo dul^ -LlLxL-LI Ij^LL 
JJjJI <JjlLs ((6jJLJL^. Li^Lk)) dljij Lojlu < laua 1 ^ j CjI£!j^JI 

.dlj) 1 a nil ^_a (J-aLatlll 1 u i <i\ 

J^LajJI jJI 4L1J2JL j__<_ ojJI I j_A Lj^J jij 


O'* 4 


j Jj j-a 6 JjLLII ^ J-a Luu 


- U^l - 

Pvrvrv M\. Gva^b\e\ 

oj)-s. A < G^.\_i^ VJ\.\.T. a^»V\ 

.UA.T. j\_ajA\ 

K^\e S. SmWb 

. c\$\-alj\ a ^ j\_aa\\^ ^ualA\ a^-Vj-u^ aVitiA < 0 -iaj-u> 






Iaj j-^-j .cjLjSjJI 
j 1^3*111 (JlLa < La_Sj La-Sj l_AjSjJ ^_c<jj| Cjlj^jS flijVI 
jU .5-5-5-1-2-1-2 j-a Vja 555-1212 <a1 _L lJjLa J 

IMPRINTING A HABIT ON THE BRAIN (*) 
the Massachusetts Institute of Technology (^) 
<Li£,|_aj <\ \ \ts~iC. L^Lk :jl (Y) 


j^LajJI jl^ < 1-$-^! ^ JI (^^ J | iflLu^l^j Laalij i<A\ I 

dsLs ^ < s** A j A t ** j 1 j J —» \ 1 1 *)l A A J) 1 i-U ji* r < <« 

jl JjU LajjtC J^- nd CjLsj-a^j J| 6J-aJuLa 6Jj) 

.(J^^fl -I^J-^ JI ^-ol3j VI llalc 

^LajJI dl^L<_ul <*\ \ a 7i LoC laj_i£. ^_a LlL Lcuj JaI 

Iliaiji I Jjij .filial llll^-aL jl^ I j I La£.j <J[^jJI I j_A Cal 

dill uajLiJi ^ Ija^-L ( ^(M.I.T.) J_^-*-11 (J <JjULaJ> ji!\a ^_ S 

jl IJaLJall j*\a t c 1 jl\j <^LajJI ^1 < \latll Ca 1^) I-cal I 1 xVi 

• Cal jLstJI J\juiil j_a j-niila 

daJa^-aJ ^_a_sja^a J| <a^.L^. LaS ^j-a^l ial Jj ^Jj 

( ^LLLaj_jJI jii 111! jaJLc jl_Sj .6jl_C La dJj_ua jl^ I j| La 

LaJa^Ju-u-a Jl ja V CaL ul!L ajJI ^1 1 j 1,al1 dl <jj-ual^aJ .A> 

jj Jju-aa ^1 jl dj-JI ^aJjLa \ <lllj j_a ^.tl tCuav <^_<_ulj jLlal J^ 
.Slll^a^ ^.IjLla (J^- ^l^)d (J^- 4.A11 cjjL^JlLI 

Jl CaJ jl£-Ij <Ijjl^. <_ajl 6J_A CaLaljJL^JI Ci^1**1 La Jilcj 

<6llt^Jsl 4-aJLS j-a iaja^jJI J^- jj_alllJI (((jA>^)) < A^ll^l 

1^ ^.la s jl <_aaHJI Jl 6tll^-ll J^G jl JjaJI dJjla ^lj_<_u 

<dilj dJLaj .SGl^il (JSl JJLa —all jLAc J| jja IjJaL^ 
jlaAJl l-Aj) 1 aj <i_ajL^jJI jj jl is** Jl jl JjaJI Ijlcla l^-all 

< JjjJI (J^- Jja^. .Ul a A I jU ja.1 ^IjjJI JiaJsJu-GJI jA—a 

< jj) x nl^ Q> jU GjLcu jJlC dljlc IGl^Jsl Ca^Ju-s^l jlj J^- 

1 j I — (( Ulla)) dj-JI jl^ J _I ‘ j^-lj .&jlc dJj_call j\\x \ jl^ 

( j£. .Ua j.A \ ^ — <S^ ^lGla jc CaA^Gl jl I_aJ jL^. 

<SjjL<_u j^l Ca^a-i-s^l SGl^Jsl jl dJjd-» jl^ J La^ ^l^dJI 

La J_t-£sj <ljja ^LalaJJ j 1 n^.*21 ^Ij| dlj .6jlc JS Juju ^Lfi 

. jlla_a dJj-L-u Jl L_ljl_A dJj-L-u j-a Cad^. d jl^ Idl 

Jl ^ SjU 

<jjjj^.LJI ^-uaLua^l jln^.VI I J-A j-a CaL*u jla ^I,J-~G>_ luL 

j-aj < L> uJJK .s> j [Sydney Aa-aL^. j-a] <j_IL» .B> ^ xa j-aj 

jklu Jl obb jl J^ J—jVj <[New South Wales < a^L 

Gjlc Jl 6J-aJLlII 6 Jj-uOlJI JLoC^I Jj-cGj Gjlc SjJLlII 

jAUvll j£.j jljjjJI J^- ^jjLcGJI j-a ijuJ-2i- <Jj| ^.jJI jJu-VGj 
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_ <Lj j. jAJI _ 

11 jaSJj jjj jxaU) 

.4ajiji dJ <<t Sjaa j L^iuo^j SjLsJI JaLxa « UjJJ Jl JljjaaJI Jx. caijladJJ Cxi-ul 
jaaa Li ia i J |jLtu-s jjdj Jlj T JS < r.i iUM_L3 j__lC jJI (jl Jj—aJI Ci n\x"\ J—3j 
uA\) Jl cjLlLx pLdalj . Ijlxal jjuaa Cij—us Jl Id Vi mi) <Sl_3l£La 

Jju 3\) Uia ja J_ajJI Ja striatum -UlrAll 4_4Kia ^—3 -bl miM) jld <( jJX\ JyJ\ T 

(^Jj'3 Ci4\ (J\al\ T ^jual\) SjU, jJC j .03Jl cj-li-1 (jaaT\^ 

la SjU, JH-ua IXLaj .cj jdJI J JjjjJI jju (jl 3j-JI J*- laja*- g-LVlu-xiLj 

j-u-ila La J&J <<LLg-dl J 4al Ja_ll J JaCJ 1x4a ja JJa -bL-IVdl jl3 <(dl\al\ T ^ual\) 

.dj-L-oJI Ja SJ-aIJ SjAJ Jl 



(JaaJjJI ^^aj-a^l ^ju_all) ^Jlc. £_uoj 

d't 4 II » ^ 1U , a <rj ! ♦, a .A ,G> 

f- Iju-L^I (Jr>£- 4 \laC I SjL uj^LI ^ \( JiS 

olajjjjJI JsLluI I Jaj a Jaxj ^-3 

4lal^j 4al Ja allll/x^ ^£jJI 

J jJ LaS j_a^fl jJaaj . ^laLoa lj_a I 

— dja-all Ja5Ll I JjJa. ^_<—ua J^UlAJJ 

^uoJjlII 4,vlaC Ojj _3 Jill — CjIjIxJI 

Ijlj . IjaJad _ xjlIj 4 al 4 jl1a.IjJI 

Sjjjllil aj-& jLs < La. 

L_uL_u! laj£.Liaa JalxaJJ J) ^axa <. << 

CjLs jaaalll Ja 4il a< 11 xjj <jrU ^-a_^Jl 
Jala ^j—a Caal -Sj—^lj ij —^ 

JjllGj i LJ] 4jJI dlj_i J_aaj 

.((^jl\3j JjJ)) I^.KGj 4jlLl3 

Sj IJ)) Lua .\ I Jj_I^LJI JJa^. J3j 

Uja. dlj-tia (Y) ((^^JjjJ| 

La jlc 4.U x V i \ JjSaJ Ja ja^.1 

Ca 1^) LlL^.V la ^.LlLII _ 2^_> V 

J_a 1 ^ dilj J-a V Ja <_ a liada (Ja <4 jJI 

.jl^JI jLkaV jaiajJI 
^ajlJl J ££a J_cLilJI ^ 

< JjJa .Th> CxIa _<_u 6jl_*Jlj 


Ja L-La jaJLa jaa^a ^xlj . ^JAjl-uJ I 4jl 3jjaJI a ti^l I ^_3 j. \ \k"\ 11 J_a 

iL^la 6 jJl 4J CjlaljJLaJI Caajda JI JJLa ^fl <U3jjaJI Sj_Ju3-ll 

dilj CjAa. LaJ jlC 4j| jk\ll Ca-S^UIj .6jL*JI L^ajJ Cj^juj ja 

jJ LaS j-a^fl • iil JaS ^-ala^jJI J_<_aa dla-A j^laa 

^ ±s~i 11 ^ 13 1 n 11 4 jl3^.'~^J1 6^ a tt 311 J| 

Jla laal^_a ljl^>3 JalacaJsl ^_3 *uljl3jJI ja.Uaa J \ ^-a_^. j-Jaaaa 

^LajJI ^Jl 4_» J^Jia Jl Jjl 3 Laa3 


.4_<_o3a 03 jJI ^_3 (^Aajl jJI LlK ^3 CjIjI_uj| Jjaa.j |^la3aj3 Ja] 

(j-salidl ^ i < 1 311 ^3 JaLtAilll jt-ju-^aa 4_a^_a daLat jaaaJI Q a\Ua 1 a K3 

< ( j-sa^jJI i 3A^aT^a ^_3 LJs JaixaJJ 4 3U\a Ja ^^ajall j_ l\3jJL 

Jl ^-A-^a Jajla jj3a J| jl JjaaJI J^a Laja£. Laa—cu V 


^^.iLcuJI 4 al 3jaaJI Caat^ Ijl La jLuua.1 L»j^ J3J 

4, ia3a ^1 J^>Ju_ula 6 jlc Jc ^jljlAjJI jl^-a| ^_3 . iTila-a 6j(j-t^aa 

1 \*\ al 4 jljl3jJI a JJi J_cA3a j aLadlj^ Q La j i \ ^ajulU 6 Ja J_a. 

I J_a. aj \* is*i 4_3lajLa ^_3 g-j) aAII 4 _(_ul ui% Ca laa Ja. ^ a Ja 

Acting without Thinking (*) 
STOP THAT! (**) 
the term “chunking” J 
“deliberation circuit” (Y) 
the infralimbic cortex (r) 
optogenetics (t) 


o^J . jlxa^fI 4-aJia _<_ul ^_lc T 4_aIjLU 4al^a ^_3 4-3La jjJ_a 

^jJI (Ja^ ^_jia3aJI J j-all Luja La Laa L-u^Ls_a J__cal!l I 
(j A3a 1 dLa <di!j J .ajlxJL ^j-saLaJI iaLiAJ.1 ^_3 4 jJ| laj-lul 

| Jj^a .j J^*-aJ .6jlc dljJ cull alaJI Jj^aaJI ^ ial jlauJI 

jl ^jaaJI Jx3a LaJa-a JiVI <CjI^J-L-u jaJjLaa Lalaa 4aI Jcalll 

dlj-dia JllA j <aJ *_a_cua^a ajlsJla 4iajaJI O IjUl 6^ 

.4ajjlH CaljUl LAO CjJ- aa 
6j—-Lodi ^_3 ajLsJla Jaaajll f-J^JI -l^l^dJJ d^J 

4_l3 ^..aJj Sj—add I ^_cula 4 -Sjj-3l 1I ^LajJI 4_aJ3_a ^_3 a Ja J_aJI 

dJa ^3 cLSj JjlC. jiaa JaLc.ua Jaca-tuaa LLa3 laal3 J 1^ Mill 

4aloC (^J LlS 1_la I • Luaal aLa.l_La IJ_A jl^^ -4_dalll 

^j-saLaJI JaLxaJ.) ^_3 4_aalji jlcj 4aal Ja jlc Jal_ lujlII J 

IJ^. (JaisJI ^JjVI jxixaJI 6Ji3 ^_3 Jj&LluI ^xl LlaLs <ajLsJla 
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M, 


oljLadl JSbujj ‘ \< 


d^-L-u oil i n^~t< til 



^xoJI 5jjJia 


£a J^I^UL II ^joiJI 5jCd 
£x JbbdJtl Jcal^Caj LK^l 1 iLabda 
juaLt jjJI jxLulji duo. <bua^jJJ £lajJI 
.udliLxii jxu ij ^-LauJI ^lc 
3 ah^ll is^RrdI) CjIjIjJI *> xitj 
<Jxill djjJ CiLLIa. JSuJd (4-3 lK4'U,I 
dlJj| ^ 1 *. ldjxL_uU U 
V c^dl laj Joau (^jJI la 
• djli nil JoJU 


aAx i'&'u n\ : Iq,\ aaVaJ La Cal jlc ^ iVa 1 Cal^baA <CaVd ^.\ Vu <t~a 
LajJI l5 Jx. ^- thVi 1 d U Vi <Sjl_c j^Sdj <Lu^ L£jl < a 
<J-u-olijJI J£ Ij-odd-a ^LoJjUI Jl j—oj .(^_L^X\ ^\—kJV\) 
.S ^bA Jd ^xuii (l^-i.n^A\ ^k) KbAJJ 4—kbi'aa j1 V| 
jjj» Cal jLxJLa Lul jj_u dLlj jaj 
<Loij.idl 5j— il'Al\ jl VI <((j_addd 

(o£—a»d\ ^^-dN ^ 14...4 ni l 

.4a ^,^lj Load xCoCj JljaV 


<ltna II 4_djxJI 5ji n*S II 


: j^Sd j 5jLjlII 

dd^ltxi jj5b lajdc 

dJjJ <LSlLx jli 
S jdjkJI jo J*-SlII 
4_dj-xJI 4 _iluoJI 
j^5d Kh-Hl j 
<j-u£ j5uJ.Lt 4 u» a 
LuxL-u-t la 
OljLxJI jXLuj 
(ja Sxxlj Sxxj ^ 
4_Lid ^ jl (djlcaJI 
.^lajJI JoLJlt Ja 
dC& ja <ja. £dLiJ 
iiibda 4.LSJI 
^-U- JOX3UJ bh^LI 
dtaLjjJI 4au&L-ua 
.isua^VI ^lajJI Ja 


^ I4i n II 4_±3^xJI Sjt iti 11 


(jaaLtjjJJ 

jjtjda jxli jl la :l (| 1 1c 4d jLu^JJ ^ S jLxJI labul 0 

4_tiijaJI S jdikJI jl JJxi JLsdVI ja 4_LiSd SjLxJI 
Lb Ida ^.tku djbdl Jjlo. ^_Lc. iabd-LI jxLxd 

ojddJI jl JJxt jiab jjJI dJxLoa-tj .^xj|j 4_uJj Ltdlaj 
jlddla HI ^lauaJL jaVI j \*" s ' lajdc ^SL^dTa Ldal iLtijaJI 
. I ja. daUa Cal jLc. LS -xla jl jSdu iUKU) o xi j tdjL. 


IwL^. 6jjJuasJI ^LsJaLdJI J-o£. ^ ^ \ <dlJj J_ XJ ( la-ad ladJL^j 

<6d-id^JI SdLsJI UlLsjI ^_ld_caJI 6 jojjlsJI xadJ 

SjLsJI 6dj_aJI 6 J_Aj -^-11 LT^ ^LojJdJI 6dl_*JI CJ^-lsiJ 

Cai \\t\C. JJJL_s Cad-tJ Cal JjdXa Jjl^Ia C.UyH ^LojJdJI 

^1x2j-^Jl 6j a Vi 211 J-o£- L_dlLil ^Jl <_zxL^JI ^jjd L^ljj ^oJI 

Ijald (^dJI ^juokll J-OJlIL jJJLu-lJI c_k^JLJ (jAllllI Jya 

j I 6J^oa i^p-2 dJU <io^ JjJ^x (Ja JjJLxl <6dlc ^-LadU <1 _a 

6J-A <L-kjidla .I> ^a-ujijJI xLslJI (jatjJ .^Lt-ul^jal 

V plalj) a^L 11 J)l _1| (j^xLx <<LjLa Cal^o_i_u JjlS ejilill 

Lo |^ . Ca 1 JIaJ 1 (Jjlo 4 2 \ 11 1 Ca j) lt.nl 1 1 Jj I 

exaL^. (Ja <1_(_adj dLajJ! J-^ds (j^dj • l^"a fs jJb <j ^.LadJl 1 V\.aa 

Jjl*_llu [\'\\ a a ckj^l a _ lLj ^ • ixal dj^. ^dJ Cal jIaJI 


How Habits Form (*) 


L_dld_al (Ja 1 V\ < qlVall dta (_5-l^ oj) a AII -LoJ_cuxa ^ad <^lajJLa 

6 j < Ti 2 11 Jo£. udldj| . 1 ^ a 2 L^djla| jl Ca IdjjjjjJI Jo£. 

5_aIjlLI 6 jlc laloj Ca a a < iTn 1 ^laJl (jl (_^d ^ Ua<iI1 

(Jo£. LaASj) I_ oJjl£.j -l)-^ i^\ £ aJadjJl (J <_id L^-adJ (Jjiaj 

(jldj^tJI Cdl^ lolxa <ia_2d Cal JjdXa (jl^aJ 6J_aJxaJl 6j—LudJI 

. LlK 6jLsJJ 1 Idxxdij 

(Jlj ( lj(J-S La Led j ^ <-Cj_ cuj SjLsJI t^dlLal (J^o_a <d I j 




cJld-aVI 




L_2djjd jjJ dlj . ^J)aA 11 ^IdLJ 

j_A iadk Jlj (^dJI -dJIj .4 _aLLLI ^ (jda^jJI (JC (jl Jj^JI 

Cadaj . I ^ "a^a a2 ^jdadeda ^ad ^oJI SldliLI ^_1| jllxil ^jdi^jJI 

^,lc 6jJtexJI 6l_sKil ^Jl (Jju-eajJJ Jadd ^jda_CaLlj> a^. 11 

(jLd <jLlL^.VI Ljlj^La i^ljJI .<-ALlLI (Ja j-^-VI eajLiJI 

dex jl (^dJI <_^eaJI jeds dJ_aJex 6jLc Caj^^L Jjl jj_^Jl 

^yU* a (^dJI ^L^a^fl (jS-a lo^a <_aLLLI (Ja SdaeJI Sldliil L^ad 

.^ULil 6CA ^1 
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d)l jLs-ll i AlS LoLol ^ 4 !! 1 V\ ol IdL .djIdLsJI I 4 J 

Llll^jJ_ CU J_c1aI 6 jJ) IS~I\ j2L^_aj ^j| LV\0 \ <1|a <^.d_ 4 I l ^JLSJ 

. l-Add-aal jl 1 44 ^.^! (jl 111 ^J\ a s < ^ul\j <<jujieJI iilldJI 

IjdL £^Lcul^fl ^A Idl-VI LlAj_*_o ^jj^l (jl Lola I (j^-oaj 
djVl^. ^ ^j-£ ^xjfc 7)^111 -cu^fl IdeLcuuo ^_lc ^la* 

<LaJL*-o <jAjl\ 5 :a.llL dUdJ jlc ^A aAj. Lull 

<Tourette Ci—Jj^l ^J^LLoj ^j__^_sJI _cu_JI ^jljL *.^1 

.<_od-coJI JJLJ La ^tLkj-o ^A dl^oa-VI gjljL> aAI jl cAjGJIj 

tjj^ll ^^A lUJ djLa.lL*J jl <e \jdJL £“ 1 LslIJ 

\\\<\j . £jl 4^11 djldL*JI 6 d-A Jlo ( ^ya ( jOlL^jJI ^Je deLcal ^jl 
<(JOJj(jjJ| l^_> ^kldl <j| (J^^ S ^1 <JA-!l\] 1 tl _CU_Adl -0 

oL^jll jl _i_ul ^ LJL jLall o^jJl I 1a ^j - 0 LaLloIaI ^_ill 

111 del_cal Idle <J ^e-coil La j_Aj <5 ^ 1 , , , ll hJUil 

I 11a .<^jlL-oJI jjlc. cjI jLlII (JOlL^jJIj ^LojlLoj djldle dLUl 

^jl <jd| dKlc ijf\ JlL dAA < La.Lcc<a ^j-lSjJI ^Je J^xlJl cddjl Li 
^.jjJI ^A fcLcoll V ^-L^k <A_)Lcul1I <LlUI ^A ^j-lSjJI c-I J-^k £“j^l 

*L^£fl ^SL^J ts~i \ 11 <^L^jVI 1 .i=Ajl_cal Lodle ^JLlII 

j-O^fl (TjJ^Ji _ C<J J <(jldj^JI cjajdjJ &LlLoJl 1 _ccI (_£j-ll ^ 1 j-coJI 

.^yVNjJl dXJ dl_call ^Jl llll^o d)-odd jJ (j-aLl <a^J ^fl_*A 

£-JlLa1l 1I J_cal die La J j(jLj JAS <CjL^.Llc<^ 1 je j_o^l I 

(^j-LkJl ^ 1 Vi 11 ojjl Li I jl Lii. dJjl (^j-ll JiS ^—II 

.c-L^jVI ^LlII ^1 <( ,05ai jl (jx»jJbk_ll is^e ( ^ya 6 jLul dll *^^\$ 
(<^j-*jji ,M> JL La^j . I JjI ii^_co ddl jLLI jJujlj V dlj 

l ^ X^Jj I (^ji^ L) " ^ ^ *^\3 < 6 dl.. aJI 6 jLlII )) ^jL_S 

L-ijl^cl ^jl jJlC .(( 6 ji^a-^k l^L-^k 1 ^ 1c ^lUJI ^ _1j Jj < 6 wLLJI 

<jcLlL 11 ^j£. *>. L.lII (j-a j_ij_^_i < 1 | 6 jLLo JILjLc tsh 

^jLj J-oil LlL t l^-j J^JG-^klj djl jLlII I lll_oji l^_j ^ wl ^lll 

jJlC djIjLsJI ^JLUlJL <jgjdl ^L^l ^j-oll i c Ll\ dJjjl 

■ . I^ ^Jjejll djl jLlII jLkllj L^-jls cd^ej-LI 
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6 J _lLaII ( ^ya I jL-^k jjJloss £j_2k £_C (J_oLtllL L^aIjLIj dil jl_*_ll 

a \ ^jJI (^dll ^ lllil .^LlaII dljJ_coll ^llll IjjA^JI 

** ♦* ** 

^jljj^cJI LloIa j _1 .Jlill J_u_cu ^L ^zJl 11 Ij_a <JlLl> (ji 

J^kil : <11 111 I LlA 2 j I ^1 ^ illlJI ^_lc <a1H^o djl jlc o^ll 

s^Jj^fl J^-S <<-ull]| La^jI Illj s<_ull]| IjLlII 

6 jlc 2_jlo LlKcL lj| La ^_ tjLL ^J 

^-fl5L Lu 7^1 jj^k u-Ujjlj L_o_S JA2 . Jj^I ^IaII ^A <J£-tllJI 

Lu ^ojJ (j ^-1 j <T a _a LLqJJ <^jl^_coJI a _iL 4 l.il £-Ll 1 ^ L ^ I 




<cd-ijjlJI LlLc^I^ dill J-S_s j .6jLl^ dJjJ coJI ^>^1 

<jHj(jJI djLj-^JI a _ua! \\& j^ki_cul JS J^Ll. j 


Scientific American, June 2014 


(j-i^j-ll ^jljj^cJI dJ-ual JJ . J-oJlII <jA^iJI 6 j-uja!I \ \ 1 
Idle cd_<■ i il^l jaJ l^-l5clJ <<_aLjl1I ^A I Jjl^. 

JjL^cJ ^jl5 lo Idle. ^lJI ( Ai^ll C-J—I^AJlII IdaAxlI ^L 

<A^ _loj 6 jLlII tduj^l ddJ .<_alld IdLeJI 

^ILaIVI Ll 9 ^ <J-aAl ojajdlll di» ^iJI <LaLcoJI ^jldj^JI 
.<j!IjjJI diLj ts\ \ll <jl 1 a! jaiG JLlc| t^c ^cLJI 

H 4 WJI oldbdl c > l 5 _L£LiJI 

. JJa-^All Ijjlll (j^JjjdJI \ LaLoj ^.1 ^iJI ^jjLdJI ^all 

^l^s-lll Idle (£\ ^-colslj— cal ( jliAdll (JXI—aJ <Vjl 

( d 1 ^ L 1 ddjJ 4 \L A \ iL^ ^ d 4 4 1 ^k-CO^J^ -y r < \ \ ^ ^ 0 * 1 ^ 

.Iddxlaa <JL£.Lad djl^)ld JaxC J_o_cal <jlLoC 

< LujAl <jl 1] dildlsJI dida ^jlj ^-l^k < 1 | j_A <o 1 lA dJ 1 jala Laj 

^_le J-^lJ calLJ j-<al_call A^^clll da^kl ^Al J-iljJI ^A L 4 IL 

<Lale 7j^\l ciOJ <aLulLI 6 dAj GdadaJI 1 j__cua 1I Jd^fl 

jJ L^ jaa^flj . IdlsJI (JLaC.| Gs J_ ^Llo isLljl 

1 j_LaJ I dJ d-^k^ Lo I d I JJ 4 LU Lkj < dl LlA < 1 lo dJ I d LlI I I 

v ii^ob ^jL^. IdA dJd- 2 kaj .dilll <allj-o cJjjkJI ^jl Id_idaJI 

Lo <JLi. (J^ ld 4 A — LdLleVI Llll^jJ_cu d-c^j ^^^^-*1 

jaIjJI ^Ia dilll — LuJI <JLCallL 1 1 0 \ q IjOJ^ Ijdd JS CUL) 

\ 0 ^ . 4 L ^N. 1 \ 4 L -v 1 <J I * Q N I \ 1 ^ 9 \ \ \ \ 0 \ obb LladJ (jl ^A 

<jaIj-o 11 LolLl dlllA (j^-lj <((jJlCG)) (j(jd ^^1-JI (J 

. 6 jllUl ^A d s _^.jll ^*N ^.111 ^.UslIj I 4 jjlcu ^LodJI ^A (J-aSU 

** jt " 

IdLxJI ^A ^LJI IdeLcuLO JjA_ 2 kl ( 7^_o Ll)jA (^d-O Lo <^jdl 
^LjL LjAj JjJLjcculjccu j_o^f I ^j| jtai.j-LI ^_oA S<a_ coAjJI <julLJI 

. < ^kCj-ll till die (j-o 1H11 jjj Lo d ^.1 ^j^-ojl) ^-l^k 

L^- 1 a 1 (j^-oa 7)jj_2klj Ty^cl 1 ^ od ^kl un ^jlII <jul)j ^111 JjjLJIj 
ldi^.1 < )) is\X II jXjlsJI (j^-lj • 6 j-cuLlo j all JI ^jVI d^. 

JU1I Id-A ^jA Llo ^jlaAa ^lllj ^ jallJI ^A 

(J-oJil ^jJI ( jxccu^fl dad^l j-Aj If I : LL^k ^_o <^^_CU ^_o 7 j,j_jj11j 
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fO&i 


A .Anil 

Ijj Jj (j\ _ijL-OJLa^l 

I JJi ^1 6 VI Jjl 9—^J-U 
1 djluJI JslajJI 

_UU 1 1 | O J 

. 4jl£.1 





“ o' 




£_<_uIjJI dj-^ d-o 

4 W JWI ^ j-i* 
J7^ ^JU^UI ^ 

id-y-y. 


<_> JJLJ Jild. (j-a daL-oJ I J_Aj 


< j''» I I (JjdJI ^ Jl _u~> jll 

Ijj —11 (jS\j <6j v^l lj 


1 ce.jr* 


■JJ ol_*-9 U 




A *—f 

(CjL1^Jl!I (j- a 6jJ-3 (_£ Jj - J Lo_s 

.«_sLL= lXI 5_>L^ ^.s jL^jlI ^jl Jj Aadxda icldsj 

<dlil J—<-‘-'^1 (Jjj —tl< ^—3 <jJ— l^xldl ^—-y *Al J— sJ j 

^LoiiVI oL^. J-a ^jl ^jVI j i u JI j 

jJ _ UJ j^_aAj <jlLL*JI <jl!LU jl J_ UJ ^I J-OJ ^jJI j _all I j 

iLi-^GLa jLxxi LoJj dj-L-dl I j_A J (< (S^ J^ > dddyi L^d ulo 

<JL*jddl jifcl^idl (Jl_2y led J_ ctJ ^l 6J-A Cj^LoIjlj ^_3 

^J| <^UJ| CjI _UjL-d.1 ^-3 j jit j j-o-dl ^dj_<■<> V\ 

.<L_3jjLo> (Jjlo jlcjl 

3jljlS| dj _Jjl <^jJ^j> cd _ Iddyl <j _daj f^dl^Jl ^_ 3j 

Jlk^fl^l jL^ISVI jL^&l” :jl iTHE PONZI ECONOMY (*) 

.fJtsJI jX> 6J£. JLld Cjljl o* > J (j "w Ti I (_£ jJI< jJjl^> 

Dickens (Y) " behavioral economists (^) 


></ . 

^ ^ <6J_(_UjLo ^J-O-C <idll 

v ^ udL^. ^j_o Lojlu c-jl % ^j-o 

^ .*\ 1 .^^Ul 611^y j_oj J^,! 

J_uiL Lo-o Cji_Ul^>d ^ <La^_La ij_^-3 ^ \"\ i 

^jJI I_ ^jlujL^J ijL^jda J^^3 jJL ^j->j iVstl jl J-OJ_(_ul 

CjLlLa£. Cxxu_ujI JA3 <^ddljj . j^y ^nll Jj 

jjud jSLi oUdad-o I J~y~\ x <iL> Q jJG ^jlII (JLlL^M 

<jl11jl 1I <jjL-<ajL3^fl (^.1 \ i. t \ \ (J-o 

<jl1o£. Cv \\^ ^ _ill f<L_3jjLa .B> < y w^3 ^jL»l ^d_ 

^jl Jdad-c jyjdJu-ul (JLlL^.1 

jTia i <(_a_jjLo> (jl J_ 1 Vj 

.6J-OJULC JLl^l CjI _doC jJJL j <<^J_^ l J^ > 

^n,dj <<Lyjuui j-jjLilc (Jjj-ojlI _(-oil (Jlj-oI ^.1 jdJu_ol 

9- 

jv|^un (jl Jjlj-3 JJ-~y (JiJij-ojij _uxo Lo-o ^jAa,ill JllLydl 


jLaiALj 


^suAlj ^jlj — LajI <_u _\V\a, > OIJ L-ALs^f I 

. 1^x3 ^.ydl ^s-4jL> Lo (J^lxujJI ^j-o ^jJ^dLoj V <jJlll oXoLsIl 
^j^jL-ol^. <jJL 1I oL^-lddl jl—cuSJI $ olj^dj 

.oLo-tx oUd=A_c <dilLG La 

^-<_u| f-ljxL ^e. — 4->jl lid 4->jLyG odjjLax ^jLs 

XJ da — I^JlS ^jJ-OXJ ^jdl Cjldj-dJI 

oUdaA-o ^_3 ^Jyujil ^jJI d 


oLLlLl^-o c-LsA.^ 


<jl 3 ^dl t JLL^JI (> - JUka.V< o'* i> 

oLo^-^ ^y> Cdl^ — ^jy£- ^Jl Jjj (JLo c_d_<-u_» ^Jlyy.11 

^3 ^<jj^_>J> <dy. Jjlo d^^fl 4A. xiiljJl ^jL-ALs^l JaLddl 

GLuyl ^1 <Jlri-y.^fl CjUdaA-o ^\\ SjJj^JI SjisuJIj 

^3 1^-0 jAju_uI ^y dj| ^J| <_j _(_aj «(<(£yy> olidxk-o)) 

IjL-L 1>1 l^Gl (<(£yy ,C> (J^J dJiy.~U 1 
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10 j-Lu ^Ljul 


jllc , V 


\3^k \ \ 


L> ^LlaV Lj^_ l!u <111 ^_s 

^ Jjj Lojlcj .y !jJ <lc jLoll_cuL 

<la (jJlllI -ciJI -ci. 

,_C^L^ JjL*_J < I_ \& _! ^)VJj 

djVJJ 10 JjVI j-ooIcoaII kkUl 

<IJ-A . 190 _i kal^uj 

IJ Ls . 4 _jloj_A 1 ^ ' O L^lleuV I J)a\ ^ 
^_S ^)VjJ <lc kkkll ,_c^L^ o^>. 
JJ£. e_&£.Le2a ^xl (J-&J *~<H 

^\ \ M u3 1 <JlL a Vi j-all _call 

46 090 jolLsJI xV.II ^_a <\ La 





u—*■ ( 





1)^J . <L Ik c ti ljj-> 


<^j_ jij^> d4_kkko 

^_akla c_JjJ_cul <_J LjlC. ^_3 (j-oii 4_li_ 

^1 Aj->d^JI «=■!>&- -euVI (Jj-eu J-^ljl jj — e_Lsjli! 

.<jLoj_J kkJ.1 jLl^II 

jjljI ^Jl < isly* J* ^ s L> op <dllj j-_°j 

l)io I J-ls . La Jjl£. Op-^- 1 <kLl!l £“j _C j_A J 

Jjd^JI ^J| <jjj_o AjLI Csllk 11 <kkkll jL^ll <kL Jjdrwl 

^ Vo? ul o—* LAL^k j2 o— 

<dlJj ^Jl I jlULeuI j <^Ll^_jVI CjJJ-^ k yA q ^ du Jjl 3 ^Loll_euVI 

<jLl^ 1VI yc o-»o^- Lj Jjl3 4_1Lo jLoll-cul d^.1 <—±£-y ^jla 

l5 —(-uSjlII £1j 4~1 ^.CJu c_jJJJ (jK\l Inj ^dLJIjJ I jiAj 

JLl^kVI <jLc _kl j o j->k^ <backward induction 

. Leu Leu i r> 

. <A^_o <J_eo&J <LoSJl_c ^k> 6J J^k a jL^_il <Laj c-il_i£- 1)1 

<5L^II lya LjaJa J> kk^k ^ j U3t ^ jl colkil <jL^J> 

ja.L^_cuVI l)La ^j^llcall £y& Jji <Jlco 11L (jil . <±cl a^.11 

1)1 Jj j| <^k \ll 6j-Aj^c cJJLLj <(£j —> kkko ^ 

.OxS^JI (J-° I ^ <j_a^JI JLl-k^l <-oj)k\^ jLl^jI ^jJLJlcuj 

\% \ itnll ^> OlkiKrw^ 

l)ljJ^fl JjJC e_L)k ^Jl 1 luni I Ju J_2k Ulj <jjlil CjL-LnJI Jjloj 

Cj IkkA. a l)_o k I cO l^lcV I j . <^ jju> Cj Ikk ^k ^ l)_o 

<6j^.lj j-OJlLcuII <Ji_caklll J-SljjJI 1)1 Jj-3LJ <^l)ljj> 

<jo2^)0JlIJ ^ I CjI^)IaC ^ Lujlo-cu I Cj 1^)LojlLcuVI \ & J f. I^_cu 


The Basic Con (*) 
Natural Ponzis (**) 
Carlo (“Charles”) Ponzi C) 
New England (r) 


n i a • 

;uV (!«*;• 

rt U t «* •* •; 

1 *!*•»« 
ttf* (••* iv 

^ *f.ir ii», 


L^JlC c_l_cu^Jl Leo ‘4 3 \'\ -< rs 

CjUo^I ^^ lh°J '- 

j_c^ <^ < Al ^ < u ^ | 4 \a k n 

cO-n ^iJI oL^WI _Sj . 1 ^ Akiko 

^^lll JjccoJI l3 _L. ^LoIaI 'J>ji L^_j 

L^jlC lJ_cV.-nII j I 1 (_x_ 9 

">tl Ja5 1^ j*y> 


ja^CjJI pit xLclC jXJiJ)3t7 I <JjUjJI 
dillJ <0^1^_ <ujlo l)_o 4 _uIjlj di Leo 

<J^VI ur ic oljliJ Luj 
< c^Lkj^ > olkk^ a)) (JLiJI ^lj ^j-2 
l ^ \\ I <l)>\llo^-ll <—k_ ILLu V ((<_A J-&-& 




.6j-cJ-<a 4ujLoHsl IjLj c n^kJ n 

QIkk^k a \ ^LalAVI J_iLp l)|j 

<j ^iii 1 )ujLl*ji ^i kn jjjlj v t<: i£j _\^ > 

^j-cu-ku 4ojlko I pi * * J ^ x 11 <jljJ^. LUk * I l)^f (Ju < I 1c 4 _ujl-ujJ1 

^JljJI cO_LU^J 4jlo 1£. (JjJl^kl I jlll _cul < L^jljIj^. _3LJ 

4_culjj J^Lk i)_o j <<^^. i)-o < dll_cul ^iJI inLuolLjJI 

aLI is*> <,I>J l^ ^j^.1_ cuj ^iJI (Jji _^Ij JLl-JI <ji _coll 

. L^_j l)jj n*N 11 t Laalu ^iJI 4_>^kiJI 4_^l J_ cull I Jail_ cu-c 

l^C lJ _ eu^JL J-c^fl (ill X, \"s L^_W i-CO_A I Caku^fl A J . ^ I J 

ju 1)1 JjlS <j\\a Cj-SJ ^-3 <JUuLaJI 4jJlil oUlllIj CjLlLlsJI 

<_aLal| ojljkJI (_iLyjj J at 01 l^a cJljJ^I l-Ajl^cJ 

. A^)-oJ-o <jlcuAj 1)-^o 

^9-UduLduVI 4-U^. 

( (( jJjLcal))) .C> l)-c ^-iljJI ^j-A olkkkc 1)| 

• 1949 ^.Lc ^i 1882 js.tr. Jj ^^(jj—>Ji 

^ JLjIxVI 1)-o kali I IV Idllj 1)1^ Cj' lh° 

Csll^ LaJj <^->l_tula CjL kkko 1)1 VI <1920 jxlc ^ r 'dlkll 

<JLV> ok^kdj) l)-a ^c_aljLi LS <£_jjLJI dill (^Jjl3 4jljLcu 
CjLlLoC l)-a <jl5LJ .Ch> LaUcjI_ cul ^iJI ^ < a < A11 4_oJjljlII 

i)LI i)j—i! (^jLall—euVI JLl^Vl 

kJVI j-o-col _Vo' ^_V--J1 j - Victorian-era 

^0-du1 ^-a C A Ipl Luj (( ^yxC. 1)-»J JJ cujlI Juj (JLa _cul)) 

. A^)JU^J I 4 i : 't \ 1 1 1 \ kj) \ < m 1 1 

kk\ ^ 1)L <<jL»JJ AJ_Ajj) is*i\ <cOjjLa> j-^kl I_a^j 

<_eao_L ^-kl 1)1 <liajj .£_Jj_euJ| ^ l^lVJ 4 _LlcuJ JJLJ <(^yy> 


_3_cu^ll ^1^. I j_Aj — j_AJjj 1)1 <0^-1_tall (3<J_‘-kill 1). 


Jll-Jl jk k _cuVUI <(^jlj^ > kkAa idkll 
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jLLlLl^ 


(J ^Jl 4^j a nil £-jL dLu £_jI jJI ua- uj Jc 

. ^Lo 53JJ 4* id^JI jLlJ J| (_ ^LLslX.) 4-jL^L 

jLvV-vSfl qLlLac 

U _ujLJ V jJI 4 jJUI A^_oLsulII ^j^sJLA 


V 


Oi 


^LLxLxa-o JL^JI £_slj I^jI c_S_LV\ \ AS Lj_aIL 

LoLoj jxjlfc Jl1| ( A U^3x~xl 1 6j_A 1 a<Vu Lo Utcj . 4-Aj-fluO 4 jlojJ& 

<LojIx.^aajJ 1_^_jLlLclxj oi^j-Lill ^.xc^Lmuit <SasLl!I 2aJ>Ija!L 

Lj_Aj aLLlLxA-O ^JoJlJ .4 \* 4^11 aUJI 

<L> a?iM £_o Jxl Jjlj jl MjJUI AiLoLuJI 4Vn fjL. 2jjj_*■ 

( l^JL-AJJ_ UJ^ jli ^.j^XJ ^LoIslWI JlJlLlA ^jlj . LoLoJ 5_ UJjIa 

<LojlL_oJI 4-witWL j-x^xj a (\'\\\~^ Ljj ^IjjaJI (J_<^aCLcuj Lo^ 
J-OJ jl j_OJ_(_ul JsLa-O £-Jj OJ J L^J 4_Zxl J-> 1 £\\w <<1=UlaJsI 

olUk^Jl &aJ ^J \oil ^j-° _II isL-jJ .<juulaJI LUiJI 

• 4jl>LlLo VK a Vi I Jl Vr> ^j| 4_Aj_oJj 4 _LOjJI 
Al A y _call _)^ 9 ' ^_jlC>L A 1 L>1*>'’x 11 6 A^ ^ IC. 4 Lo^f I /^o 

jJ 4 _cujLo_o ^_Aj - Lg-A^sjJj < J3 J| ASj ^j-o <aLoj53JIj 

IaJ 3j-tu — (J^sJaII e-xC-j-A ^ AAS . LJ3 A^X jJ 6 jL^j 

1 ^hot jJI Jj-A-^^fl 2)-o 1*> a <>3 (Jjuu-aj ^_S — 5 JjA A I 3 I 

l ^lia dUj ^Jc ^JJlJLi AA 11 fJ^JU-U-O jl J_<_U J^.| ^j-O 

j-Lil <j|jj_(_uL JjLOJLt <c_^ciLJI ^_0 IslAJ ^1 t . <_3LAaj_0 

Ca_oJjijI IjIj .(Jj^l (j-sAj^il jl J-t-aJ c_jj ILill 

JjLsJI \ \ JI j| Sjuj ^ Ic 6 j,_CLo JL JJLJ 

. J_ol_Ju jLl^L^ dllj jiiuj_> JA£ ijlallil 
1 aV) ^1 JjjjjJI <_oj| jl jL-^lJlsVI ^Ij^- (SJ^J 

5_ojl\rxJl QI a^i^. Loj\c <CjLluLojJI J^ljl jjjuJI 

l. ^Uill a Vi 1 ^o aVi (Jjloj i 4 AjL_o j|j a_uJ 

w a it \ ( jL-ajls^M juiLn 5_oj5LxJI ols-ijj cuLk jas .^^LjjaIL 

ItlkJI oljjL^j ^ Jj 6 ^Lj < -jJI jv^A^ JljJj 

OJlj <4 \ \ \ i^Lil l^Jj_o I ^ La. j I '4_oj Ij ( .Anllj 

.^JLoa.^ 1 ^JLxll jLLJI (^-11 5ji_ojla-o o^j^jlII 

L)l ( >< 5^' >- h L ^ L ll (^jLaJlII Jal__AJJjJI JK aT) 1 J AjJt II A J 

^J| J .6JJlLjlLj <^jjJJ> jxli Lo <J_Jjj CjLLlLlA-O 

( (jA_LLj_oJJ jX^_cu^fl CjIjLla. ^L_o_i JjlojlS ^1 oLjLdl 

^jl 1 ^ \*\ O SJ ( L 0 L 0 J <JLJjjLJ jLijOJ^fl 4 JLj_uI J Cj I_OJjLo _0 ^_AJ 

cj I jj < q 11 4 _a_olLajlo LlI _<_u ^. rr> I^l i ^_o La. Lj i j_Ijj 

.4jljJjLo 4_ojlS 

^_2 4jlajuL 4^j a Vi I o ^ <Cj1 a < 1 j LoJ. I 6JJ^ JLlo^j 

Hidden Scams (*) 
ounce (\) 
Mississippi Company (r) 


- - 

KausVuV. Basu 

o\ o\li_iua\ sW v_i\^3_li j\-^. x~~w\ <^ I >Aa> 

o\—V'lVi-s. ^ a\a£- i_u\-c^ ^ ^ 

cA^Va! cAjulAjO \ f> 4CiiV=sA.\ Ja Oa^>A\ oAfluM <^juaVi> 

“ “ * jil 

. ta^jjjjW o\ 


<jLojlL_uVI jl J_OJU_ol a A \ LlS . ^ I i.LaJ I (jjAa Jjl-AJ (JLlA-O jl 

jl _ jL*—>-uVI < JI^a.VI 

j_aj Lo (Jlaj .^.L.^1 jL*_(_uVI <ajL 

4_31_oLa <>] <jlL_ lL J .R> jl_ caaLsVI ^_a ij_ jLa jjLa 

oLLlLa-o)) 4_jJLil cjLcLLLII 4jlo_ujj ^Jl [Yale J _u 

(Jj 4 U^O CjIjjLlL 4_AJlJlJ I_UJOJ V otcLLa L^Ll j) — ((4 _ULJlJlLJI 

(^O (J^ CjLlSjJ jA.AJ eJJLA A \X \ ill II 3 j _call (^Ja! 4_jLaj _<_ul 

.jloiLcu^l ^_s 4_0lAL_ajl 1 I ^-L- 6 Ij ^LU 0 M I r 1 11 

3j-tu ^_S Jj ts\X II j_o ^j_Lc Cj„Ivi I j_A L-S Ij JaI 

4jlL_oJI ^LlL)I ^_S ^jLlajJI xCj_i (ilti-A <ej_AjJI 3^J_tul ^^3 

^LaIjI ^—II ^jjj Lo_o fdlljj Lxi— u —3' —^-L 

3jl A All)) <AAJLJ — I JA.J-0 <_J-A jJI J IjLj_AJ I Cjj L^_J 1 JaIJ . l_Aj I-3 Lj_AJ I 

j| .^JUlJlL <(gj 5jJ> -UL> A ^ ^ ^J| (^J| (^jJI ((^ xLaa!I 

^Lc AA-^ AjjaII jLa AxXAjjI AS ^aAaSI jLlj-uI 

5Jj) w nil L)Li jjj/n a nil jIaaV 2011 ^xLc ^Jl 2009 
^IaIjI ^Jl ^JjU ii 4 jJHI 4_oj^l 4 _^a.I jl 4 _)j^jJ.I 3jjljJI JjlS 

Lo 31 J n A All ^Jl ( j-AJuJI jIaIaVI I j-Aj .6 jLs_cuLj j_oju_ajlo 

AAjJI 4_OJlS ( j-aIaajI Jl (^Jl I_0-0 ft^j-AjJL AAjJI ^ _^-»a1 

6jIaJ _<_uYI J| 4 jloIJ l 4 jJLLI (Jj-A^A^fl ( ^A Jji_ UJ J| J 3"°J 

' ^ '4 | jJLjtu (J-Aijl I JlVAj .^JJ-ttJI JjaII ^jIiLslIjVI 2)-° 

2 ^iA JiUx JJJ 1800 ^1JjJ 900 j—a: 2)_ 0 > t ^LJI 

6ja! aaL ^ojlaa-aj (J-a-aa 2013/4 _caJI j .2 ^-oLsJI 

cxffJjjlj 2 a^lJI 2)^ a -flJJ l_s _j5Lo ^_jd J| cjjI j^-j-ll 2)_° ^-ILx 

jL*_<_ij| CjjL^LI JaAS 2A^J^LaS -AjL*_a_uI ^_S jLl^LL 

fLoLc 2/L^Lj JjlS 4a1c Lo_o Ji JI aLjj_cajlo Jl i_tA jJI 

.4jj_<_u 2J-LaLI j 2^jl a All Ja Lo_o 

4jlXJUl1a 6jJ_caAJ I_JjJLJ 2)1 < iS3^3i > olLkixi 2 I_O^J 

jJI aIjLl^L^Ij i aLcIaaLI 1 lA 0 J\A\ 2)-o-S _ cajQJ 2x3^ 

. 5_LLL> C_j_OjLvo jl JA.Y jX ^ A ^AJ 2)1 <4 jl*JUlIa jJ-L jJI J I_ ^_l1j 

jjx Jlj_o^fl 2^^ 2lS ^jL ^_S AJ-a. aV.1 4_j _3u Lo j-Aj 

jJI J Wu-ii\A.Ail,l 4 ^j_lL a IA LoJjlC j u'iC 2>°Ll 1I 2)jJI JLxo 
aIaLc ^-\ aAAi^ I _tajJ ^_S <J J> J_A.J I ^*N Jl o \ 2)1^ 


^_S l-Aj a. 1 \ 4^j_2uJI AAA 
6 j-A JLl^^l 4jl1o£. A-»J 




frfj 


2)-o ^ Ljl£ 4 _o2x 


AAS .4ju_ojJJI LLjjJ 6 J- 0 JU 


A-sL^— > AAa. 2)1 I 2)^J ^ L a nil 2)-° jjJajJI 4jlLlAxo A Lo_AL_<jlo 
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J/_J-O (JA_LXJLJ 

JdL*l CaI^LlA Lo^jJI jxAalj 

^3-aj .6 jiill dill L^-^-LajI (j o_j 

4 ^kj-c (JS (Jj. ^lau I_a 

(j-o 16/1 (Jjl 3tl CjI jl ^ 1^ 

£_ij (ji dJIjj IjIaj .j^LijV I 

.dUj 

i or l < A~ <_L A II ^j_A _ a , ssT\ 

3^j .iL_u j-jj —Jill ^Ljl 

42-aLa 4 x^^w ^_Lc ^jJ)' 3 Jy^lsj-ll 


U SjjLsJI LjVI ^jU LjVI ^ 

1 x Aj I lAl£. 1 xAll X <) 1 

a.t^xl-x^a ^Aj j\^c \* Lqjlu . 6j1s (JS 

^ lxnll AclA ^-3 J^jUJI 4^j_2aJI 

jjj^.^1 j j/l1oIjlJI J_jls <^JulII 

LgJj_xALajLA ^_ill 4_ xAaAjlII 

-L-fll^c-A _nil ,-^L^ 

^Ul £\JJ _» Lojula <(3jI _sJI I J-A 

jX^_<_u^fl ^_ic Cjl jlLx^ J/Alajll ^_lc 
. Laj^LlJ ^jJI 

<-OJl 2J ^_CU^fl J_OjJI J_3L.~VJJ 

(_£jJ (J-OJlII x < 1^1 ? Ij—cii caIjLA 

e-V^-A 3 l 4 \ t m llj I 4 ^^_Jjl1I 

jd LlILc I_UjJj (J-\-JjJ-ll (j\ _llfll 

Llnx L$_ajJ J-<^*-ll Ijd^J lj_ 

.j^3^.1 <1_ cJj2j Lg ^Ijll I j_Lj 

<4_isLL lI I 4-jI^J _9j <dllj £_gj 

jL^Jju-u I j_A Aj-ail L 1 L 1 A g 

^u^Ls^fl ^Jl 4^^_2aJI J^-S-a— <-03 

I dA ^ 1 C. d 1^3 .jt—< jlJI ^- G -i 

j-xC L*_<_U^J u i Hal a J_nJI 



< ^jij# c > 

t ,A\ j^iVAs o^\AiA\ j^.VjuuAA 

jjJLul j_g 1 a 1 ^j^ ^j^jlju j—ljl^> ^-lj 
. UILljL <ljdo 1882/3/3 

<lojj <A_oL^_> CjI- <-u Sjc. ^Lni Jjl J.31-1J 

<C^ 1 j_c Sjl_^. 1 )) (jA*. \11 ^_cAfiJ Lo^ I_aL-Jl 2 

(Jj-^J Ajmil ol—»^j-ll j^-La «<j ^.^fl 

Lo ;,Lc >—-<-<) <5 .1903 ^.1—c j^.lji —cu^j 


j| .<L 


^ L>° U 


liL 


^jJj^fl <1x^1 A11 O^-L — f-l^lll ^jlAj jJLOj-AJI 
Jjjjlj <LoLlAJ -JL^ -(_X) jnnl Lojlc 

^jX> < \\ \^k 11 <_o I ^J| (^J_Jl^ Lojlc. <_uIjl1Ij ^ 

I,gui) J_> J^sJI <jljlc jAj! <j| l ^XAJ-O ^^N-xxtll 




J£.LlxjlC)) ^_j-Aj 1.^. lie (J_x^5l^. (^_jlll ^LsuljJI <nL^ll 
. J^^Xitll j,J^LI ((^j-olA. 
<<n.l j_<_u ^^LLI _la_s ^Jl jlc. LoJjlCj 

JJl_J la—L,A. a ^\iaA <(^jA^ :> ^ 

t>° t )—— 1 _uj J^O-> J_—»^3uJJ ^V1 

<JlAo ^jllll JLm^l <,^L—<-xjjJI oUiLH 

^Jl <GILL A a I jl iL^ll Jjj A.x i^j 

i—Mxi) Jj !l_j—O^L iLaJI ( j-° dJJtll ^jjj^LsI 
Jjuj . ^>Lx^)JJ <JL»do ^_2 dJjA <Jlj_u jLl^JI 1 xA > I 

< ^sJ tdlj-o 4 '—la ^jxa.- lxjlII 

.(Jjijl^jJI ^_II j-^.l_A dlllA A_ oj < LIILjI ^_II 

A 1 949/1/1 8 cs—^ C5 J JiJ 

>( jAjll J lj 1. ixu^i fin<\ Isj J_o jAS 




C5 J, J 


<<icL*JI _sll ^_a Jjji^ 

. Jjno jKtii J J-C jaJlc J \ m X < < ^ J>c I ^-Aj 

^Lcall CjLLu-^. I ^jJI AA^_al1 d(L>L> A ^ ^j-oj 

(^-^1 OGX AlLjI^jJI JaAjJI <1 ja1 (^jJI dll J 

jAl . ^<llx <i nL> .E> JjI _call jJL^nJI jjJjLiil l_A^)_»Jj 

jaa . L^AaL^-> i" is <^Laj_o OGX ^nl! j j) 91 ^ 

^j-o <JU. ^>^1 <2013/10 ^_nil cajL^JI Lqj\c q Wa 

Silicon Valley (\) 

Carlo Pietro Giovanni Guglielmo Tebaldo Ponzi (r) 
Eike Batista (r) 


q£. ^JAa A , ^ C A \ a CaLlAj-OJ 4jJLc 

<j^j_i_aJI SdlL-aJI CaLlAj-II 
^-I^-lL dLlj-ll 6 j-A ^Jl AsL<-xal 

(J-oVI j5^-»J-l dlj-> Lo-0 5^j_(lJI ^ _ jLJJ I 

I J^Aj .(JjlAa _call ^ 


A1 jcT\ ^JlII < xA^Ul 

A tA- cA^l A—“^i 

(jx _>t*_tiiL> L^jL^Jlio cj _c-Li 

•Gli jll ^J-Sj . tfSLabile jLsLj-oI 
jj^aJI ^J-O 4 ^j-Jjl!I dll La lAnyj 

jJ»_cull 4 xA^V\ll CaI _^Uil (JA_J 

^ L LqJlU <4 Ajjlll J 

• Jj-vllaj-ll jLU 4 jlsLxA| J-Ljl£ 

^Lo_cAjIj 5£!j _nJI j_cj ( j-a 9 

il^jJI (j^_aJjjJsl j_f^l dld£-l 

^ l^ll_njL jjLa <j_l 

c j-o ^Cj-ll ^j-lc <4 jL»_1J 4jlAaj-c ^LajI 
Lo^ <o^ILl1I AaL^J A* 

<< C^JLL^ > AaI LiLiA ^ (J^* 

jJ-oJlII ^j£. J)>\Jlald J/-alsj-ll 4^jil 

. l$J 4_oa^ *2 ^ A< t I jX^-A 

^e. x jj ia_ cojlc (Jijui ^_L LojlSj 

^JLJULA ^ ^ A^J < 4jlLqJl 1 1 6J-A jXJLA ^ ^ A^ 

^jAjJll . LiL> A ^ dA Lo <_U 

I^aJ J/_LoLA 1 ^-1^ 4jl _cull 4^j_cL 

^-ilj ^_s J_ £a <4 xA<iA\^ lj(j_2cI 

4 AL \ LI 4j»jVjjJI 4 _ojlsJI ^j£. JUJI 

4^j—nil ,a \ 1 j5La^ LL^II 

cnLj-c ^ Ini ^-fj-ll (j^Aau ^-a_Aa 

< 1 \ \ \ 1 ^ ^ Q ^N. t 1 A \ \ 4 . 1 ^ 4 ^ ^ 4 1 4 


< 1 ^ x xJI e- I^-JjJ 4^^J nl I 1 ^ ^2-11 I ^9 I CiljdJI 

(jA jxCjJI (^lc. Ij-Aj < l^_AjJ J-ajJI J)-d-L>ll 

4l_ JuLaJI 4^j _nil (jf\jL lj . l ^-1 4 _cjaa Lc (jAl_LUl 


4_x-a>j^ <LAloji j ( 1 ^ 1 aC. (Jj^l 


tej i^b 


iLcld 


.I^jAII dll1 L^xLjl _n 1 ^ ^^ \^ JjLsl 


I ^-cal ^ LaAI 

— ^LxAl J-oLc 1^-AjJ J-cJlII 14 gel xA~t jA J 

.l^lLlI dill L_^_cxLjl £_Aj JjIjiI CaIjLlA 4 lLl jJtlJ 

d^J-cLsJI ^30^ _a-o 5£!j_nil cJdLxAl aJLaJI bj '\11 
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L^jlaLj-O A _^jL -cuJI dJjL^ll ^3 j^cj • c-L4c ^^-ic I_culj 

.(J^uA&a LfrJj cTl a n cj 

j% IVu 4 jlcIjJ| ^£.1_cull (£ dll ^ 

<_&j-ai I <^jl j^> cj c a _xjulU (J jjkj j£ <jJ li I cjVj I j_LI 

<_>L^1 ^_a _coil jJjlj dU jj < L&JjlAIj (J^l_zx 

^jL-ojLsVI £■ I_ill ja) jj jl .icll Ijj_ <-olj LljjIIa c_aI _Lll 

^yUJXXjA <£j _cuJL jjj dA Ja^JI ^yd jS &J _lljll 

‘A A \qll 4_S-Alj_C CjI _^JULC jLlldl CjL _cujLoll dill 

^ ~\.\c (jjJ (jA-klajll j-c Jjjll (jA, s ^LJL L^J £t_o_cuJ Lccc 

L^JU-ujj jl dld*-j j^-oll j-cj • ^ *<«1 *lj-cuJ djIjLil* 

V J-dA ^Jl <^LJI jjJ <A _AjJI j_C I_)L-~VJj jl j^dd O_ 

Id I . jA_Alljll (^-1 a> j2k^_cu^fl ^-jj^JU £>jd\md SjLjj ^frll \ 
jjalaj ^A <jl£jJI (J-^1aj j < 1 \a A clVll CjLljl^JI J* ^ 

<Lcjlj_■*-^ LO 5-JjjLaJI JLoCl Jlj ^_lj CjJI I_ojj CjUIj_ 

<^j^.l j^ . (_^J-^ I CjI -c u -e u j-c Lft-A-lUj dA CjIjJLlc J^j Tu 

ollalaA^c _cu! dA c->_cullll jx IVnll ^_jLlC jl_4 

.<^.jlA ljlj_C<H (_J W < m j| j^cu JLlcJ dl \1 aC.j <JLCj_A 

(' |5 *)(J< <1^ 1 jl j£ IjJLdS jd£| 

Add A^ill ^ _lull <£Lu-^ ^S Jj_3LJ 

Cj^woIaaJI (j\a ^Jj _OJ <Ja_etui <jlo^JI oU=lLx1J.I 

^d^lcul < kju-uJ-q j_sJ_o Jll^.1 1 .<jljjJsLLII jJlCj 5jlj^jLLII 

I j_a (Jl^-o 1 ^jU Ij_aU1jlo Lc j-oiil_<_u_o ^_Lc qUtlUA>1I 6j_a JjLc 

JjIaI ^jl Jj V 1 d\ \ \ — £CJlLo ^bJs ^ lc- _K<1 A<< J-OJui_cull 

J ^T\ Uiun ^jl 4 jloj1^. juLco^. JL 2 JI (J-^lj <jJLiJI ^ccuKil 

<-O^J J_Sjll lj_A ^J| JJ> ^j| jl^j\c c jloll ^-O-S — iljLaji_CXJLO 

cj I.U.U ^ Jl_^Jl L^j <(j _^-1 _n^-VI 

^jlj Lllc. CjLlLoJlII jl Jj ^jl ^jicll (j-d^ I J> 

. L^^laLk-c ^jJLd V JlJ-a^l ^_jl jl_^.Ls j_aILcul 

J_CUjJl CJ^L^LsLJ ^j| ^j£- 51cOJl1I £j _C ^ _2cl_s Lo^ 

^^LJI JlJUi~i ^J-2 ^J| . <JU*l^jeJI ^yd J±& J_^JlSJ 

uiiiii <->ji x^v^n 


< << II jlusoS^fl)) <- 

jj )^ lc. ^Ull JjJ jJ Aa A I A^>lll ujjUJlJI (j-d \§ 

(j-o j \\\ 11 ^_a lo <jls^I1I cJij_cojL 1I Jj-C j _cuuJI 

La Ijl^ j xu 11 Cj^L^Iaj ^jL) dll^)jVI £-d L_cuLojj .^jLl^I 

^yd ^2 l1 ^jAul^a ^ \ disc's ^L-JI jjJU <JLJ^Ia*JI j_AL£a 

Robbing Harsha to Pay Gobar (*) 
Too Big to Fail (**) 
Shibram Chakraborty (^) 
Harshabardhan (Y) 
Gobardhan (r) 
behavioral economics (l) 


■ < Ui jljxxJ <LJjjLa> ul 

^.jJ (jl ^JL))) (( 1- j5kl -j>J» i^jljJLSLi 6j - CcOilJI A - 

^JLcul (_^lll ' ^^JijJjIj^I _cu .Sh> ill oSllll 

^jlII (ju—cu^fl <Ljl1cLj i \xs\~\ <^j Jj—JlaJI (jjl-ll > \xs-i\\d 


%, 


(Jlau <_ctaAll 6J_4 -L-L d L^-H dH 


^L _c£i <JUJj 500 ( A-Llo ^J| A -cuLo ^Ll^. 1 <ll <uljjj| 

‘Lcu^jll ^L| ^yd ^jLcuJI 4 AjJ_csS yL Jll^ .f-LsUi^^fl ^kL| ^yd 

A 9 \0 A <Gj LjJ <£.La> dill ^_o^JLculj ^ ^<^jl JjLI_ cujLa> 

.^JLlII Cj-!u-uJI (j-^jJI JJ-CUU ^jU 6LI I J£.|j ( ^JA\ 

Aj^A .^j ^.1 <Lijj «L^. 1 ju jL-^ 1 Cu-cuJ 1 1 Lc JjlC-j 

1 jLJ^> i^^.VI ^jLcoll <lJ^L j^uj_csa <i^C-cJl (^J-COLiJ 

£_d 500 ^.li^ > LT^" J ^LaLuj Lc (jls-j-cuj 

^Jjlc Jjlxu 1 jfLfrj _lllll f-Lsuij^fl ^_iAu (jU J_Cj 

(jl ^Lsuj^l «l - lc. (j^J .<(j|jjLI-cujl_A> ^jJI A±*Jj 500 

jlc 111 .<j)LbjjLj^> (j_o ^jIc. Jj.n% (^1^1 _ LXL * 

(^Aj <j| 6LI Ij^la <1- clijLa> ^yd ^j^.1 Sj -c 

1 jlcL ^yAjj (SJ~^ ' 4_ujj 500 (j^a^.....l A > I j5Lfrj . 6 

. Lc^jlcuI Lj^. 11a ^Cj-caj Lc (jlc.^_cuj .<jLj^> jIa_cu 

5jIjjJI JJ 20 <_i_ cullL <cL_u iLl^JI I j5Laj 

(j^J .cIxjlcuJI (^-11 L)^s 3 ^l-Vj^l 1 4 cuJl (j«a 

(jLuluuu < LijU>j <jLj^> LcJjlC <LcLc 1 

^jljJI j-*_cu_> t^j^LJI (J^jlA>c ^Ja. jyulL^. (j-c <L^LiLiL 

J3U t^j-cuLl) OAjJI (^_S ^_sLul> <lU j-c^I (JjI jljjJL 

. U_c 1 1 A 01 1 < 1 1 0 > \ < >*n /-, 1 011 ‘ ‘* A ^ A a.^ I 1 

jSjJJ <<Ll.-S. <bjj (jl_» jX^^JL-VJ <(^jlc jl^X J _3LJJ 

Lol^x 6 JAH_cu l^lUj Llj_UJ ^_jLl2c JAJLJ (jJ l^ll 

^.JJ (JS (^A)) :<l—d<jU>J J^AuA . I 4 J (^£.1 J V ^Llc (j^i 


>0* ' 




jXJ ((<<JLijj 500 <jl_>jS> la^l d) 

500 Ixcl ca^ — uj ^xjj (J^j^ <jLj£> (^11 — 1L 

(j£ I J_> 1 IaA^JlJ (j | ULV) V <11 I Jjj ((. < LcujL&>J iA>Jj 
Lc is^Ji_c (jl^lUJI (jlluJ-coJI JjLxj Ld_uj ((.dill 
.(jjjlLx 1 C^*S j2jj <j|j(jJI (JLci 1 dQ Cjj-1 i 


&^cuad\ A 1^>^\\ qa d jidu\^ dc2k.Jl 

aV, 1 . ,A^ t Economist’s Miscellany ^ aiu ,, ^j\j<| 

12.0AA c ^jjduJ^N dcaW a •* d rj KausV\\kBasu ^juad d 


f 


l5Lj-o 1 jt-»jL l^lLcljpJL ^IajJI (j£ djl^j-UI < qJAl dJ^Lcx 
iZ\'\disc's A \ nl^jccul OGX a£> j-1jJI dxcjixJccul JAA .idaliUI 


,-v^ \c ^ 1 C. V^> 1 djl^ ^_cu (j_c (j^jj_A^ll (jA_ aL^II cjILlAI 


< 1)\U I^JCCU^f I 6 1 a 


1^ . 1 ^ dQ i. n I g- Ij-cdJ A >Lii CjI^LcL 
ujjIaII jX^ljJLi (jj—ijJI dJdixI LolIjo i (j-cjJI (j_c —jlA 
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jpalG j) ‘4jJLII cj! _<G)VI ^Jl ^jj_j 

j) I 4 jJLU Cj V-gLljlII CjI^j _cu jjC U*^jj-call 


^ 4 n\ £" I_ij I jya £±*2* JJ I_a 

(J-O^JD 1 £\\ \\ <4u l^lUl^jJ \£1a (Jjfi* \ x n 


. L^ujj^ JL^ ^_s jpt Aii^kll e^lj aA'I jjlsI j 
Uj1\ J(jJ 4-i-U 1 V A U 11 A J^J J-^J 

. SjJL2.VI 4 jlIIjlII 4jJLtl 


6 j_A cJX^_cu J_i] 


4ujL^fl fjb dl ( >ui gjfl ^1 ^UbJI jl 
^Ij ((^jIuJI jL^l^l» 4u.\.d4"d) 

<4u 4_L^1U <u >j- vAJ ( ( j i i IVJI ju ^jAa.4 
cijucdJI j£ jxxllII jjA^aa J^blj JjJjJ 
. jLi^VI j-LiS jx^kd ‘iau^iXI iLu^llxJLi 


CjLcujLox* ^L^juIj djLsjL^-a ^ 1c CjI _cu_cuj_LI 

CjI _cuLccu ^Jl ll^G Lul jc-txll^JI (jAj . 4-ljj_ LjUlX > 4-lILo 

<^jxj^LsVI <Lt-<£sLk jc_o_<_uj 

j)l Cj\ _cuL)lc<jlII 6j^J ^JUlU V jjil .4 _uLjlU _col cJijjjla 

. L^-JlS jl^paJI jjj jiGuj 4^j_cuJI &J_A jjjjjJu jjjjJI dlUjI ^-a-'GI 

£_cOJ (JjjJI <j-a JjJJlII ^JLxxlJ <<L2cjlJ| I j_A I jLu_culj 

^jul J (Jlj-^l jliil L^jljla-c^l J a J_cl^J 

. jltfl iV 1 j^-a 4 jJUI CjI^^j-ujJI jLL>I ^^.1 0"° '_>->l^ ts*i II 


Sh* II Laj^jI ^—ill ^ji*.VI 1 ju j^JI jL^a^fl (j^j jj,—oj 
^.Un <jJLU cjLojVI^ (JLlL^.VI cjIo 


Ul 

J Ulc 1 


» cU^ C£dJI 

C-CUlLJI ^Jl GcCUjJL* (JLiJI Loia .<jJlll oL^JlJLO. 

^_jl3^1 A.Ualll I j_A o\ < ^l^jJ 4 \xLa < \H5v-0 (^jJI 

^llll I j-A di_9 i joj^ ^-Ho (^1 J 

JjlS ^^IxxCOlLI LjcoI (J(3 ^ (il^JU-VO i I Sk*-& L^Ll£. I-^J Jo J_2cJI 
j-lj Lr ^ ^ -^j—^ o-° ^ c£' 6^-°^ 6^ 

<^jo^o> Cj llolo\ ^ jjl ^-il^JLa <&Jfl^ ^ool Jo cjl^j aV<II 

^Ll-c^I jAaO iJ^o l i-S.i ^iJI <oJlil CjLcL4aJ1j 

(51 ^^£-3 ^jLcOdLaVI JaLcxioJI ji-o_cul^l^-txll ^1\ 

^lilo 4 ^ ^l^-o 4 A<i 4 J ^jjjj 1 c iajL • O 1 ^ 

t^jxiloJI Jl^-^l ^-^ojLcu^LI j\ r> j^oo-o ^ojlco Jo J_2c 

^ \Ais~T\S <jj^alI cjl_ccccujJsl ^.LlJ ^Jl <-cLJI ^.aoo_coJ 

■ . JoLLlI 4ool^x> jxllo 


the Securities and Exchange Commission (^) 
Dodd-Frank Act (r) 
Securities and Exchange Board of India Act (r) 
too big to fail (i) 
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.4_>Lo^JI 


\ 1 cjllLu _a j-G_caJI j^l^p La J 3 AJ 


< (^>'^ > jkib. (jVI Sj „ .. n< Cj-j^ ^ -l^5 

. j/J-sLiJI C ^J^Lcul <jJ) <11^ JLlL^I cjLlLqlC Jlal ^iJI 
(Y) cJi> jl jlJIj 4 jJLII ^l^j^fl 4_ IjlA Cc<d5l G J-2clil CjI _ 

jGl^J _caJJ .GJLl^VI <(^J _cJLU lU-G-O _ cL 

(r) dlj| ji-JjJ jj^jLi (Jjca <4_al is~i II j^a JjljpLO J JAj c <i 


Jxj V (J !<: tii I 4-^cJ l_3_a I ( 2010 ^c Lc I 6^j-o ^ jJ I 

4-^j_o Cj jl2j .4_jca^JI C-)LUlU-G-II 6J A l-AJ-Ul ^jut Vj 

Cjl xxl^Ixo ^Jl Cj LUlUl.G-Q-> 4^_u _cxJI cjlLxU-G-ll 2>a 

cjVjl jlJlj 4_JUI J^ljj^fl ^2 ulA (jj _^Li J_ijAjJ Jjl^JI ^_ Q 

4jl1£,Ls j_\ ts\ jJ 1992 ^Ic. ^jl_c^JI (r) Gj^JI 

.5JUI JLl^VI CjLlLoC 4_ij|^>a 


CjlLiLiG o 4_)LiG ^lll CjLj)* A^i ll ^-^1 (^J_j)| 

CjI_cuLlcuJI JjJtl <*2 ji .1 4_U_£jL£ JJ_£jl <<(^J_ 

< L^lo JjJjJIj . CjI _aj5L^JI ^jGjJL-s 1 ^ ^lll 4 jul^Jl1I 

(J^jlil a ^ 1" < J_iJ_^lll 4_ 2 k.J ^_Lc 4jLcllx^aJI CjI _s jLcoa^^l 

.jLi^lVI dl_ UJJ I_-ojlc djl^j_JuJI (£j-& 

jjSl)) 6 jl_L3LJ I 4 JI jl_Juu ^lll <4 cujLail 6 J^J a \>J 

^.1 jiGLcul jjccj J_ 2 . 4jljLcxj cJ^k-txll ^1 j) ((/^(J < ^j| 

fj] (I 4 JI IjL-^VI ^ (i) (TBTF) ,. tH LUI 

1 jlllcl F>L>-S. a jjjl 4^j_cu j 



(j2*.Jj jli -caJ i jjOl_a J_2. I 4^j -cuJI Jj 22 ^a jj| 

iljL^kll dUjj <c-UIj-xxlJI ^JLsIj (JI^-aG 1^ _cull 4-aj5L^JI 

( Lujl LK ^jjj-alj_coil ^LJL I_ AjLl^I) jjjJ 

.jjji: jsl ^ 

4l| J Laic VI ^Jl TBTF 4_cujLail 4_ cuLuuj JjI_CUJ 

LS^' I Up 1 ‘<Jj£ 4^ 11 1 a \ L j \ c 

-aj5L^>Jl ^LlGI I JjJ^. ^_Lu (j-UjLsJI 1/_iLaljlL 

jj-a ^tu^l JJJ <dilj £-aj . ( jx»V-sVI j)-a 4^j_ulll jlljlj Ji^jlll 

jl — J-cOl^JI GccuCc c-ul^ jjl <4_cuLccoJI 6j-A ^j| jjVl jc_tGal^JI 

JJ — 4jcccL2k Ejj) J-Glll dJ-Aj-a 1 ^ \\ I j dlljS J-li (jP^ 
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S jlxliaa Ol |j1 
^lIc^ cjhJI 

jjjjU jl^iw 


lJjAusJJ 
(j£j iZ-LujfjjJI 
fj gJLLdl 

.(jMjfjXt 
















^Jl^l LaLujI £C^yj^fl ^_lc IjJjl iljjJI 4 jJLGJI 
•f-fd oljLili>.l ^ oLo^Lc 

^_o l<j^y <j-ti»jL4> a. aj^hJ <£Uil <_ jjUgJI cjIjlo _<-tuj 

^ ^_a <Ll^jJI ^jlsJI (JLkj| ^_1| <jloIjJI ^g-cL loII 

^-LVlII ^jXr» 2x3^La cj l j-i dVs . c u5L>j-oVl ^jjjjI jll 

Oj-OJu-ulj ejVI ^jj^> ^jL-oJI (jJjOJjl! ^((JjJs I (jXr 

6jlj(j oLtlul <2002 ^lc ^_sj .<LoL>ji dlljL» ^jxuuijJI j^ c ^_s 

j_jl^ _JjjJ (Y) (IES) ^jJjlII j ^ * a jviLuJIj <_ jla jlJI 

V <* r \( LlaIc tJLud CjO-))>»j L-Vx-oja Lfr <ju!jlo ^_Lc. 2^_l^LJI 

d^ > 1,1 jdjJfr LaJ M* ^ ^G-ll AjGlj^l <jjLdll ^jjU^iJI Loju_u 

AjLLoj ^_A Lfr 4_frj^-aJI cA _Llul Lfr£ .4j l Adll Ad_cldJI IES 

^ aIjla «<_yaylill ^GLiiU oLq^LlII JjI _iuJ 2>^j- o)) 

EdJ _Gu <11*111 £c_j11jl 1L» CjIlLu Ad_cll_> (jjjjl j_II 

^jxUjdJ O l .uIj 4_<-oLl <jlojlLslj ^-AljLfr — ^1 x^I^jlI <_uL» 

.<Jj| ^_lc <LojIj 3 
iyl_<_u_> LJU.j 




AdJdy ^JjI^Isj <JlLuIj CjL>UG ^j^jl^LJI 

J-^aGLcoII 2h° aJjLya ( 

£-j1Gj ^jJjlLII CjIjJloI^-S . Ldl^J 



Bavbava Kax\\YO\NWz 

<Hechinger Report JdG d_ 6 ^ 

. Ad\ -s, > ^-A\ ^ 1c. '—' 1 * ^ A -~ S| ^J jaL. A aj\_x~d A_o\aIiA 

ta j ft C.A t Ad\ ~~~> 1 /-i\\ \ \ \ A_i^ ta^\llj_u\ 2 “ cjt -^ ^5-^3 

U V^Y^-d. Ci \^Vaa dJ-ijdj- 1 -' ft \ aVc. 0—<!>* 

.A_l£.\ cT\-% V j\^ A 1-s, Aa^aJaW 


6 LIYVI 4-t3L.frIjy 4 ju_uI^J 6jdJ ^jxil^JLi <^_lxijlS .A> tdul^ 

cJ^t~yV Lfrdlc j\ _»,a^>II (JldU^fl ^dJ (j-^^l tlu_tlu <jLLI_ij 

Lfr Id-A^ .^j)2h^ 6d^^-c 4_<_uljd-!l 4 _cLs ^jljjfy I 

^jJI JldU^I ( j^Lj lJjj cjlcl2 ^_a j \\ q~\ 11 l_^jLSd 

SddJtlil JajljjkJlj 4 \ll 4 ^ldj-fr La 6dlc 


~AL 


LJJ .4_ilaJI _CUjJlj 4 jljLuJI olEJ^yllj <jl^$-WI 


Y^Ju-ul (J^-l 2h° CjLsLljJI JjlLjJ 

j—^ 

f4jJ| ^LuljI d-tfrillJI 4^.jj (^d-ll (jl^ll 4_ S^jlL ^AaJI 

I (jA-^JOjLfr 4 \IUII | dl LoC 1 I n _ lIuJI CjI _cuL-a^-frj 

4-2j-3Lfr I J) 1 dAS < dLual^VI P Uk Lfr I . JAIL) 

LJLc ^^jJI 4_ul^_ ajujl!I (-jjL^JlII SlSlL^fr oLsLu ^I4_tL^ 

. 4 ^ Kl 11 -LlaLj i \3t ^jldll La d y Vu Lxi^ L^ 
4Ja \ A n \ 11 CaLuLlUI 6d-id^JI OJ)^ \ 11 

. L^_JJd-^. ^I JLJI xJjlLII 4 \lfrC 4 I_uljd-l 6d^.jll Cjljl tdy^Ll 

4ju^jLII 4jlI^ ^_S dcLcLfr dLu-u 1 ] xV.^ \l \ .P> dJu-aJI 

d^J <4fr^,ll ^Ludi^l ^jajLlAj ^'\X fr _cu 4_3Lfrl^J 

dlJ)^ ao^LI oLjLJI ^ fr-y 1 6 Jla d'y (^jljiij CjljLij llfr_3 

4jl1LJI jL^d| jtuy ^jajLlS j_A 4->j y.”\ 11 <((4jlLl3l1I ^-1^- 

2>a j(j-fr I idC (j>L^_caj ^jdLy LJI ^j| Lfr^ 41 =>^jlLI 4 fr^ fr II 

Aj, juul 01 4-U Lj 4_i LyjLcuV I j J/w3l 1I ^_id^2 A J t!u ^dfr L^JlJla 

Id-A <^jjIj_cI^jlL> ^-fr_ ‘-ajuj .jX^_j^Lfrj ^_fr 4 \ IU]| 4JdL)uL) Lfrj 

((. (1 UJUuVI J^uXI ^JjlUI Jdl^j)) ^1 

<Ly.j Cil_sd-^d 4_AJd-^JI 4_>y^ill j-j_Idj J_3lsJLj 

^5y-yJI 2/^fr * ^ 4^1 ^jLjulL jLJjluVI 4ji _cul^JI oldl 4*\cV 1 

t 4 ,a^)II ,yy.y ^jlj <4 jlo13l1I ^_j^(_Aj-fr JtlA.<8 li^UajI £/-al*-tl 


C> 

^ji^l ja-A S 4 j>j ,j.s\ \ll j^lj^JI dlL (JiS J _uG 

•2x>L-fr GijLa 4jt_frL^. L^Uxlla 2>a cdi_ <GjlLI 4_t^^c 

S^JjLJlII ^_lc jUla-oJI (JldU^fl Ajd2 ^_a 4 Gjj- 1I jGjJ J4-S 
^dJ 4jt3LfrL^. 4 jJIU ^-Aj <<2^jdjiS .K> CjdC I <dlld 4 ^jJlLj 

4_<_ujd-fr ^-S JUI^^I d-tfr^Li cG\fr i*~T\ 4-jjjyG <<j_ <JjUlS> 

f^JI <-.j 1 n~>l <LlxijAo ((Jlilo^Ll ^jj)l if. 

is^T\ 2)LtC^-fr_y-fr ^jnl'y! 2)1 4_>J 11 ^ xA .^JLfrLyJI 

_lxu (j£j-2y_> 4dl^C. (JLdLa^l 4_<-^jj 2h° IdJLfrJj 12 I_fr^G-fr 

a jj_y-fr LajLLjI ji <2>^dj^> I4JjidG ^LllLLj L^u. ^ ^jjliLfr 

2/iJUJI LiK ^_ 3 4-cj)fry.fr ^_frji_ <_uj 2)>j <4 GljjJI 2>° 

d^fr^UI 2x3jd- t ^ j 2 x>^LJI 2)1^3 -j\9 _ LlII 2> c - (j^ a-^4 o^Ij 

4_idJLi (^dJI aLuljVI (^dfr d3LJ Load 2)jGjdAj ^_sdad -Uaj _lL ^_ 1 c 

4_1ju_uI dJLfr^ljJI <A<^l^dJI 4aL^G 

4_3jJl 1I l^l^ 2)_2) 1 LA^J -4jJJ l^*-a2 


Loj 3_ 


uaj LlLolC 2x3^ j L2jlj dd 4 \IUII 2)1 ^ <4_tfr_A^fl jJL LfrGld (J-aj-*-! 
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^jaLy 2h° L g- * - LJJLQ LajLyjJI CjLlo 2)^ l ^LlJ| 

.Adyall oWjJI ^jxijldo 4 Ajl3jJI ^jlxJI (JLyjl 
< ( jL^j 2*jLoJI (J^J-Gj-II Lodlc 4 Gj«aJI OldJ 

AdA Cj^)-oG 1 - 0 1^ ((< 0) Jii3 (^1 2h-t (3 IV01 2x3—^»l^ 


.<LoLjl> ^jjjjGjJI d^X. 4^jjyJI 

AdJdaJI JjI jkJIJ aiujQJI 4dJd^JI CjlGlilll VuaiL 

(JaaGLcall 2h° 2)1^ ol- axiIjJ 2)3^LJI (^J^J <oLLuJI J 1 1 y 1 

. CjIjjj-j ^)_lxX Jjd lA^l^jjyl 

old Vial I 4—yj oL-Jdyj £j_LG AJ-JdoJI Gjl—^jVl j 

^Gl> 2)1 ^*.u> GAolIxII II Jl (J-ttS 2>^ < j 1x4 mV I 4 ju_uIjJI 

^-3x^11 jlfrA 2)lj <4 jlo1*JI ^G^LaJo 2h° td^Uajl 4 ju_xjL_xi| 


CjLojJjlj ^Jl 


1 4jJlaJI Jlj <4a 


. 4jloA| jJ 


dl 


. I j_alxjj 4lxaiAfr 
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4. ilUq :^-*-aLiJI ^jju-ull ^_1 a 0-j-^Ij (J-JcJI 
j-t-^jAj ^JjLjJI <Ja| IjCS ^jlxJI 

. ^JlLujuI '•-1 * < ^ ^Ja, ^-AjjJ 

Ll*-co CjUajJI £jx> A o4. <A CjI jJj^-o CjLx_oLsJI ^A ^jl*JI Sjjl_col JAj 

^Jl (jjJLkjJ C/-^- f^j-^2 <4AjAjJl (_jjL^Jl1Ij ClsL^L jlJlJI (J3Lk (j-a 4AjjLaJI 3 jJ 
jJ^^I .<Jl_*A jJlAj jljlaJI <LojC 3 cJjJI_col 3jQ^^** c-SlcoJI 

ccjI j-c^Lxll ^IaJI jjjL 3 ^ 1^-°! 4_cojjJjlj jjj LlLsJI «UcolL»JI ciljjjll 

Ijjja jl^u <Jjj_JI (jxcsjjjJI jjI jL 31 3 ^_jo Lo_o ;<ulkJI cjIj-q ^Li ^_ 1 ^. 

. I CJJ-eoj CsV J-*-oJ 4jliaJI (g jJ l*~ilI 3"° j-£L I 

^cLjuJI cil j 3 Loj <4 3 \"\ 4 o f. L col <jj JaJI Jj| ^J-L=cl I 3 Ij Jj J j 

pULt^VI ^j-o VjJ 4 ilia 11 (jLs <Jjlojj L^jjj LojA 4^jJ _cull 4_o_eoJIj .Ja_colli 

A \\ t u^fl {j£. 4jLa3fl ^A (j^lajibJLO ^scAj 4ju_oljjJI 4_c<a^JI Jjj_caA» ^jJ_coJI 

Ojlll (jLco ^A L5 lklll jJ^AjJIj ^J^Laj £_o JjlaJI <LeoAl_Loj ^JjLcoII 

4jjL*JI Ci1J4.a.3LIIj JjJjJI ^1a 4jI j CjAjJI ^A <Jj_c<ajcJlj L^jj_ cojJj ^jJI 

^J-1*-L1 4jj1sjJI 4j_ojj£VI L^Jj^cl A -coljj ^A JjJ Lo£j . *e^-eojj-o (jJi 

2014/5 /oil ^A CaJjjjVI (^Ia j—4oj (J-caAo (j^aljAj_col ^Aj <2012 ^lc 

I j_& (jLs <6 JjCllI CsLVjJI ^A ^jlaJJ <UlkjJI 4 jlojJ^^I cS £jl J_ 0 jllal 

(j-o ^Aj 4 _coJj^-1Ij ^jl*-ll CsVL*_o i_3h-4 o ^cLsull «LlLcl£. jn<^' 

. [^A-S.^ t^W aAj\a\A ^j\jj\\ ^joaj\\ j^4j\] Sjjklll j <jJj^_cjJ| CsIjjaII 
eAjAcsaJI • ^^jL^iVI ^cIajJ I j^JjJaoJ <LslLkll ^^LJI jJls^JI cIILiA j 

CjI ^U.4> < 1 j_o 1 jco < 1 o^jJ Csl-C. J)^yn t\ i A colL*JI <1 s ll~> 11 (J-aJLJ < 6 j s» <^i 11 

<c_JUa 300 ^11 1 00 ^yQ 4aIj1I cA jAcaJI ^A j . \ c\~^ ^ _ cu -° l)^_^ 

A \IKII £jjj ^^lll chickers «j4lUI» LjJLc. c jj cojjll ^,.l-4j cau 

f^c^AclAo ^yd J|j 1^1* < AII ^J^Ja C JiJaJI ^ 1»11 (^1 Csl sL^.^1 

I J) \C .JJ_col (j- 4 1-11 < LillaJI <j_coJ <ijJLJU jjaII ^ lc ^ 1 x f\ 11 (JL^ll ^c_JJJ loco 

(JLoajlcoIj ^aJI (j-oo^ajj j LJj^j jjjj ^jJI dJj <JlcoVI <J_caAlj .Sjlll 

o <J-c<aJJJ J . cjla (3^- laAiJI Jjj^_o ^yO VjJ <JccoLco^fl ^Ul&IaII 

^j_c<ajlI 4 -cVALlo A tlLlI I -clxlI l-cIUj < Lo (JIj-coJ ^iaLk. ^A I iUllaJI 

^cLjlII £_oj—coj <dlj J3Lkj .^IjILaVI jLjlj ^ci 3 -°J Od-X 5 ^^^ ^c^j^Lo j ^_o 

3-0 (_^l jLojaLj .<LiiIaJI ^11 iajl^JI Sj£.l_coll ^.JAjj CsLsjLdl >-Uj ^_II 

_coll <^J^jj jj 6 j 3Ljla Laj ^L 11 ^_c4a» < 3 ^ljlo-ll _A 

cAj£jSjIII <JlOlA| c'Wii 3 jo^ <a^ .^cLjljII IjjAJ col A 2 Ijjl^ 3^^^ <jJlaJI 

1 (g L ^ s 3^-^ Sjlll ^cJujaJ dll Jj j .J^Lcoll (Jj^. ^A L^-ol A^>J_col 3 ^“°-* 

^JlS_o ^ ^jJ I CjL I I j 3 I IajxJ I 3-0 <Aj^ d\ L^-^kjJa 3-° ^ 4 j A _oj^A-o 

. I f A ^A 3 jj jfL 3 ^ LfLid. ^j-co ^ i <L oj V ^Ij L^J 

(J^l 6 jj-c<a (K- 12 ) ^ _co Leo ^ I ^jIajJI cAjAcaJ A _cojIajJI Cjj^ sll _Asj 

^jIajJI dj^ \ll 3 I (^jll ^ _Jl Jjjuj >L 5 jLcj)f| ^cIajJI Ujjs 3^- I_^.j-jaj 

jlje 3 jL4 p Llco^I 3-0 jJ^I j-A Jjcej uwm <jjj«_ca jJ^ I 33^1 ^_co Leo I 

(juiuL^Jill JJLC ^jjlcoIL (Jjlojj ^cA^fl jjJljII J-oUJI (JaJj ■ 3 Gu^UI 6 jJaJ_co 

c-i \ ^Lcj^fl ^cLuJI 31 Lojj .^j-olsjll 3 v -^-~ v L 1 I SjL^^f Lllc. ^jjlilj 

^CJj_coj <jIa <(jaJL*JI) jjjacJl^ jjSajJI JLui. JjJj ^jJAjj ^IojlII j \^^l 

^A <^»_oLiJI (^js_coll Lol .Sjjl4JI 3- 0 j^l jLa ^_1*11 3 j_^ 31 

3 j^ 4j_Ua_l 1 Cs lc j fly 3 ^ <4 K <. tio ^1 ^J-^jlL 4_oLll jl ^1*11 4 -Sj-*_o (Jjloj 


.Ij ^Lul ^ 4 _ 




6 klA 31 £-aj V 

^■3L*J ((4jjAe_ccJI 4 / 1 / 11 )) 1 JJLJ (J-CJ2IJJJ Cs L-culjJI 


JA ^jIjljJI 3 I <4-s^J 


>^fl / yu si J-ll 


AAJJJS2M 


^Ul csUVI 

4jeJLJI 4 jjaj^.^I dll J_ LLjj ^jJI CjIjJLjJI <^J-oj Cs IJ _ » 

. *» \ \*"\j 5 jjjJ ^-ojjjls ^IJI JjAjljII 


^JsLajI c 


^AA .<iAJ-o cl)^ 1 ^ 0 Ij ^ I <1 jj-u^I 31 lA^I LaJ 

4li a <ijjII (j-ujI <a 1 I 4 slli ^ lc. CjJj^. I ^j-sJI »—s^j 1^ s 11 3)^ 4 1 a n 1 a <t 

^jxUjJjJ JacJI (Jj-a^aI j 2 c^_Ls 3 I \> JjUe <4 j^jIjJIj 

Jic i \ \ a a<4 4jjI JjJ) CsljJ^I jjL^JLs dlljj jjAjlsJlj CsLu-a^LsjJI 
JjAj j ^ Q . 4 \ 1L. 1 1 4AjJl-o ^ ajAjJ Cs Ij LlAJ 1 6JCaj 1I CsljLl^VI 

4_cu Jjl^J I CsV La-c ^jA ^jjaj Loj jJJ^J 1 3 1 » : I 13-A ^^A 

3 U i Lo ^^-c7jj ^LlaJI JjLaj CajLA .4_jljl3Lj J_cLaJI jjfc ^.jlsJIj 

XsJLJ JjJj£.J < ( J__coaJIj f-JJJ dll jl ^ A 

4a.jaaj jLojLcLs j t .v^ 3-0 4_1IjUJJ 

6J-A jLojlcLj l ^ ^ s J-oLs ^jJI CsLlLolsJI ^J_aI 6J-A CjjI^J 

j jjjLaII ^Jl JUL^I j-ca^jaj 3^\<j» :6 JjJja 1I CsljJ^I 

4 1 a oj\^ II Lltl 1 3h° 3 S* ^-°l-^l 1^ s4 jSc^jJI ._ell-a-j Csl_tujlj^ 

^A jL*_ cclLcoI I ( J_a-a2iJJ 33-L^-^l ^kjAjJ ((.4_ LO-IjlJI jl 

3j« o S dlJj ‘AXJJ _ CuAjI JIaL^I IjLjaIj J .fLkl l 

<3-»l^_ <jj^jJj> JajA^Ljj la Loj 1 3 ^ Ll^cj L^j jILajj csl_ jIjjJI 


jjjs fclj)jl _ sjAj 

((.jjjc^JI jKaVI 3 _« 


<3L 


1 (j^ScV-^Jl £-a ^j-jajLsjj ^jJI Jj-o^fl 3-0 J \ \\ 11 


S» / J 


1\ Ap J^k , 


. 3 ] jA 4VIsj 3 I 3^ L^J <^jxiLjJI I4J j\ lau. s ^jJI 4 _lLl\J1 

((. Ij Ljl^. I 1 \)rx A> o 3i^ 

pJjQJI J-A jjjje^l 4 jjVl ^^A l-^-ljJ (^-1 (^< 1-11 J-a^l (jl 

Vjj jjlLi-zJI a <1 ViLs 4 ill*, II 4 jA t (g jJI ^\(L-ujS^f Li)) 

' * ^ ** ^ 

6j^Loj 3 <3ih An*\ \L> (JjLiCj .jaclxll 3*° _ cuLlo 1 ^ ^yA 

(J-ojlII jj 3 o 4 ^j tl ^ j <FabLab@School j-a jil s 

c3jjljJI <2009 j*.Lc ^a < 3 jL_Lj^jJj> Lai_JojI ^jJI 4 jjjjjJI 

.4 ill-ill 4jJI 3Ll^cj ^jll jLcajj^U ^JjlaJI ^l-^aJ 1 6j-clLlo 

-LLjaVI 3>^L*- j ^Aj j x 4l > ^ Li i 3 l9^j j ^ ^U^l 31 3 s^ a^*> 

oLjj2_ 


o cl Ll A jl)) ! (JjAj <3^ !■ s - -jol \ 1 s> < ^jaj j I cl I 

j Jj-~*c 3 U jl^ ols-3s j 4jL*JJ 4jjj^o 3 jis J_ cuaJI j la 1 1 1 3-0 

4 AjJJ_o Csl_col J jJI ^ J-2el ^A Aj^LojJ J-^ JjLi- JAA ((.^dsuJJ 

) 3 | ijmla ^ aIc ^j-coj-o 3A jj^i 3j)’°' a " n 4 j 1 LJI 3^ I j| I_ o 

(g jj-coAj -L1 i-oj \ I j-o Ia j I 4JlA 6 j-aj^ L^-o I Vjl I jJt_ojLco I Lo 
4 j Lloj < 4J jA c_J_CUJAJ < jJJXJ jj-ejs 1 -S. o 11 ^2j I 3 LaJ_coV Ia . 4 j 
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^ 0^3 Vj <4 j_ujLo 1I jXJ oLaJall Jllj)) 

IJjlj J|j^M \(jfr jl£. ja^xa ^Jl jLq<jl!UI ((. jJalJ I 

S &J . ^jJu-uAiJ I Jal_JallL I Jju 5 jljIjl 1 I j <Ej JLLlj 

^JLcujLa j^-ills I J_x^ajij 6 J£. CjLcu Jj ^_S <->j Jl 11 JJ^.LJI 

^_Lojl 1I jjakiJL Vji j jJI <jl 1LJI JL^» • La ^J| 
jjJI <jJUI Lcua <lil ^_2 25 <Lu_ojl> J.Aq| *1 j| 

J » :<jll*iV\ A \> JJL>j .iiljjJI aAL^JJ ^Jl I^xaju-uI 

I a*o 1 11 ^Jl i **\9 a \« ,<1 | J 411 1 Jl& &jCilJ 1 

jxic ^J*L ubdlc JjJ\j J .2 <^Lils dl' * <Jl_<_all i J 

((. 6j-t-iIraJ. 1 1 $ \c~ <—ul^xJ JlJI 4_1 ju_u^Lj LaLal 

^Jc CjLjLljJI JjlLjJ £ J_> JraJI JjIJJI j CjI jJ^I J-oJLjj 

^_<_u I J_ij .<1 JL_*_Sj <1 2 J J__J^ I <—>^_>Jlll Qj \ 11 J X ^ 

4_*_aLa* ^_S 4_aL*JI oLcul \ a i< 11^ SjdVI jtLu.1] <1 ^Jj-cujLc J> 
Ijal JlJj _(_ul j 4_a_iJj3 (ilirwJ fcl j| ^LuH Sjlcl [(JjLJjjlS 

< > LjJ 1 Ja 1 I s j_al Jl j <jl 2 ju-oJI ^jxiJ J II J-^. 5_<_u J J 

1^-JjJ JlJI (j^J J-tl ^_II 4»^j_a (^dLabl ^-aLj> j _&J <Jj^l 

(J-aJLJj .LldlLI <Jj_^.jJI <jJkJI Ja <jLL*_a <_>Ja <j _caJ 

<Jjlio ^Js. J^U^jJ/1J j| Jj jVI J-ll^Tl 6La_call itLjsJI 

5 oj! jjJI ^-2-2 .<jUL*-a <jul£. ^jljL^. ^ Ic. < \ Um 11 ^."Icj) a^ a 

<lj_iJj-cujLa> ^j^.1 <(JIjlII Jaju_u <4 \<> w^>ll (jxijl jil 
^_l£.| ^LU otaL^JLaVI Ijjj_^ I (^J-ll (j^_> <jjLLa 

< \2 \ A^ill ^jXl^lj-LL ^ I &)J-i (^‘i-ll (^JP A <ll I ^yC JjlLsJ 

dUJ j < JjlLsj <la I' U" 1 ^ ^LjlILJI _jj 

< \ IL-i 11 _jLU _uiV< <JlsLx-^VI <_cujJ-LI dlul^ I j| I_a 

eJjL^jJ Sl^L^-a f- '>?■! \ a t s\*\ \ I _<_u_>j .CjLjI ^aVI 

. 5 jljI J) aViC <jjLLa 

Jjl 2)_^-a-» <1 jlLu-oJI (j^Jjlj_U ^jl <La.lH5_<-ul 

*2j_s CjI^) I I Lu (jA. a 4 Q 11 Atx J^a <J l_3L2 <Jju_<j j 

■ L-^J>^A.r^ll \ I ^yA 

<jjLLa <|j_iJ^_cujLa> <Jj^fl <_iL jJI £j£. <Ju_ul^J 

^jMII Jj^JI 2h° Jjl^ (.5-^ L&l^ii<a (j (jJJjljll 
(JL^J (J“J^—1-1 i&J —=“j' Jej- 02 cs—^ Jb— 

J_ij-alJI ^j| A _I (j\a !j . JjlLsj Jj^JI I j_A ^ja (^dl LaI^J _cu-a 

< \ 1L> 11 ^_ajjl^^fl J w^^ll jj l-^J^ 6iaj ^ _! 

JjJj^JI L-^ljI jt_t-ijl <j^J .Jjj^jLIIj j_jGlU VLajL^.1 

I jdl Jjl 2 j_<_oj I ^j^all ^j_a^ 


L>°J 


^ <a^ < <: l_Halil 


CjI J 


6jj) is~i \ p|jiHI 4_ 1 H 2 JI _ 

\ x i n ^! 1 1s^i \ 1 a 1,1 ^jA ^j) i 1 a5> . ^-21 x 1 ^J-W)a \11 

6b^.lJ 6j-a J_>j_alll <1_ilaJI ^j_a I5 jlj^HI ^jjjjI J_II 

regression-discontinuity analysis (^ 


.J2i ^lLuJI jjJj ^jlII LLtbHI 2x5^ L^ ! 




JSI 


^Ltlll «LLi.ja ^-Jubsljll ^_3 ^.jlaJI ^a-U-a 6jL^.^f ^Jjlll ^jlau.11 (JLulcu 
^_ a_t_u_i JaJI Jl ^caUJI {S Axl\ ^1 c >oadb J Jl ^LuiVI 
( ^jjjLuj^II ^jlIajlII «lL^J dr^-^JI CaHslII ^y u <<ulkJI ^-JLaaJ 

. JajlIIj ^UlIaIII p la I J j A<)| JaII ^c_ujIj ^_Sj JjjjJljj-a 

j^JlJ <la- ujljl] I JajJI *\jJ <JLalaJI a j 11 Jj^-j J| j—lallLj 

SoLs-aLHIj oLKII ( J JlJaJI a jjfc - ujI jjb I jll : Jllll JI^JI 

( J olj-cisUH IJ_j JAS bjJi£. (jjJ JjAjJI J| <la i'jAA cdJj m Jj-ij 


f-^La| c-i^jlll ^j-a (jl^ O-^J t—uHl IJaj oLtaLaJlj CjI iKJI 

.£_jllall ^-a JA_) C<-bf\j Jj3 JajJI JIJs -Jj . -«_ujj CjI-oJaII 

Jj_a_> (^jjjljJI a.U,» a \ Q*\ 9 \ < Jalll ^LiloC a. ^ Q <LiJj Lau-& ( jLJI <_ » * < <«Hj) 

f-L*_ca>VI Jj^n. a \ ^li ^—Lalll ^ji <ol \K1I J ^jIjVIj ajjl—uWI dlj (J 

ku ,JI ^ I Jl llAj .JaII Jl 


~ r 

(Jla <<LaL_ujJI ^JLLa ( J 

t jIaII JajJI <((^lj II ^lja^.11 <L^UJI (J^l <j| J| <1 iajulII 

jJI Cj^tclullj <a-ujJI CjI -ujjLall L_iIWi s t^-alaJI jJlIajJI dlj (J La_> 

i_ )LajlL<_uI <J Ju_uju j21 LlSj^. ^LajJI <L^_a^j ajlc| (jl-<lu LLil- uj CjJ jJ 

CjLl^JlII j^aj ajdi j£- oljj ^^fl l-u— uJlj .aJjJaJI oljdlll (j-o J—Jl 
CjL»-oUJI J CjI iKIU .j—sljaJI ^1 JajI ( J JI-*-ll f —i-lAjJI ( J 

JjLa <lak.^La ( J ^Lab La l_L2j laAS L^jl_sl^_aj I- Jj 

^Jaju J L>°J -bJljdlll Ojja^jJI (Jl^-al ^j-° Lj) w <i jVjJ LxJ- 1 lA*- Ji J^I 
(ja Oj-aoJI Jr. «LojIa1I JaIII JlJa ^1 JjaJLxil Jr. Cxaa ^jJI jLaJI 
CjLVJI J CjLa_aLaJI 5LL IJJT. ^jl ^Jljlj . J^ajJIj J^jjJI oLaljJI 

dlj ^1J Laj . >_Sj) ^ <^>ll ( J L^cLul JlJa \ <CjC^.J ^j| <aJjaJLil 

<JsJjuu_u (_^lll ^jlIaIII <Ur.J jUl <Lt^ajJI <jJlaJI ^Lal Laj < 1 t^> 

. ^<“^*11 ajjij^aa 4-au.ai.i^a ^ I jAluJ V ^xj Cy3 1 c ldj_a_a Cj Lt_u_t_o^_a 

(2.QQA ^Vx\ 2-^3^ a^Vax Ja- < jAa\ ^ .C> 

Ajk_o\jxa Aj>jj}A\ ^juLta \S^Luoa Vijualxa 3* iU 
Aa>_aVaA\ ^ A>~A\ aj^bVlLoj 
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SjXrlS pLu 

6 Jj-o (jii jsJ 5J JI £_lcLs A<n 42^1 CjL<_uI jjJIj 

<Cj _ cu^jLil J ,G> Jj|_uuU J . J \X S jlo p. list! 11 <JL^-a ^_ S 

j5klc ^A 4 Ec |j_i C/^ 4j 1 ^1 [lES J ^ * a II _cujjJJ j-ijll] 

^.lUill ja.j£.)) 2x3 E JjJLS-o (jLij_<_u JJLJ 6 j_ ujLlo ^| <2002 

1 QA iilf- 1 4 aE*io S Cr^l jll J jL f^ 4 jJI <—i-lLa ((<J aE (^\ ^j£. 

4ji cull Li dUJLi Cjl i aAEjJJ ^ 1 i o I^jLsI CjLlE 2I ^j_o 

.. .^L^jlLI I Aa Jio j_i V» :<Cuii ^ 2 -ilj> 4_iL^.La . 4 jul 1E ^Jl 

4_i ^Li Lo jE_<-uE 4 jl!IEj 33^1 6 * jsJj 

^_i_biij^ ((. oi 11 1 1 a 3-*-o 3 E_a 23-* ^ [3 i 1 c. cLowj ^_11 

CjL-uLl^jlU <L)jlj-»> 2)33 I J-i-Lo 3*21 J-OJLJ ill <Cv i. i «J^2Li I J> 


23-* jxJ» i^ELa j\\\\ jj_s <_c<ju-uj-o ^_a Cr^LJI jjl3j 4_> 

Jjia jAa —<_u dlE_A 2)3? <dll2 ^3 £> J-^.j ^^JLaljll j-ajlS 

*Al j cjU.Li^I 3_*_aJE Jjlm ^_ill o j)^.ill (j-° E_ 

1 X i Aj CjJ 1 ^ oEa oS <2)^jJslJ ol cuLu_aJl 

. 4jl^jl1I \Kj 1 ^ \ 1c. j-ILlj ^5L1 4 oLKj 


6J-A 23^ ^>b*J J^.^1 <J-i^la CjI jLoIIi_ juj\ ^_a <AjlU Jl 2^ ' 

l^blj <JU. —1^. L^i <jl 1LJI jj£. 2) 1 —II 

. ^ -iaL-u-o ^ jL^bil Jjj^u ^_lc. <1^3^ J1 slL<_u 

^-JOJ I 2h° oLjLijJI —ojLs 2x3J-^I 2x>^^ f*^d3 

jLu-ulJ <j^JLi .R> j . Cj- 3jJI < iIKII 62)j^-» jj) ^jVvll 

4 \9 11 ^y_ ULJjjJ LiJLO 4 < a! ^ \ ^ ^\lall 4_J^ wicl_ <_<JLO 

J-ojlj 2)^ 2a^ <jI [5ji^ jlJI cjELuJI ^Ij^Ju-uV 5jJjjJI 

<2000 CjJj Cil^Ji_coil 

<JjLu_uJ 4^. j2jj 4_cu jLcuJI icL-uJI j\c. 1 i is*> A ^ \ i 2)^ 

j 4 jlcJ^ ^lc La^lJ 4lLoj_s jjJI L^jlS 2)1^ 4-cujJ-o ^Jl 

J-S-s 2A^J . ^jbajjeJJ 6wl*_c 4_^_lc CjUsl^^LU 2x3^ 

JA2 . 1 \ K t <i h I Jj 3 njjJ I <jijLi> J-a£. 2) l 2>°J^ I 2>° ^_^ £ ' 

<dilj)\ lit ^-Ju_u L^jj-C 4 J^Li_o 4_ljj!^ J I 

CJ LLLo ^_S 2x3^^ J ‘ ^ J)l* II 4 \\]n jJ I 4_ c<ju-uj-L I 2h° 4J J 

4l^i i o^jlI 1 I J-l I 4 \ Uo 2)-° '_V I ^ I J i 111 1 4jlL^ 2>^ 3-^-31 


((.J(J-C^I 4 jJI Ci-L-<2(J (. 5^11 b^JI J-A IjJfej 
2)1 j i i .JslLII \ iVill Ijjfe ^-c 2a^I jl II 2>° j ^ 11 3^ V 
41^1 jL j ^Vi ^1-UI ^al^iL j-2j jLaljVI IjJfe 

<Cj-<-Uj4JLil J> 2 ) 1 ^ <IES X £\ 1 1 olj) i i << II . ^dJ L_<—<J^^3 

cj!—ujIjJj ^3—L*J1 ol4j^ aJj-^-b 

Jjiljljil ^jjJjljjL> (jj jJI 'J^l ^ .V.VI ^1 ^yj| ^^Jli.VxO <^JLsI^» II ^4 


. ASSISTments 4 _o_<_ul cjLu-^EjJI ^I*"\I ^2jjj^H ^_o 

I j) 4 11 4 \ IK 11 2)1^ Ijl Lo 2x3^ 1^1 <dUj JJL-sj 

4 jljUIjI ^ A Laj <dilj Ij)l> 4 2)1 ^9 <4 ^LaJI CjI 


-JUI 


Lc 4 ^jjl 1 dUjj < LajjLlL) ol A"ill ^_a Lcj - 

\ -v aj \ 11 4 \ IUII JLa*XcJ 2^ -Ejij-II jX^jLcliaji_ luL 

.<juuj^I jx^jl2)L^b| 2 a^j 


3 ^ 121 


JC-JLU ' 


jELJI 


uE 5 


jl?%j 


CiLcujLail ji 4xoJjaJI ^-aLII Ij^jul^j 2)1 s <^_ju_uI^ j_» 

^jlsLL*JI 4 1 \ < II (J 1 -v a 2 ii_^LJI 3* Q4 Lo^ <4 xaLlIJI 

2 )IjLl^ 2)LiUI 4 a-coLliII ^_aLlLIj ol^nI^ ju-uVE .£j_i j_^JI 

j(jj-ll sxj 3 _^EiJI 2 )^- g _^ oljEi^^l dlJj 

. CiLcjixll (JjLkj 

Cb^LJIj IES b^-X-oJJ ^LJI j-ijll] <2)^Ju-<jLi|> jlVicl 
oL jlxl\ JjLu j^j>-^ 2)^ [ U i1 4-31-0L^. ^2 ^LcaJI 

CiUllo ( j_jLi 4_oj5L^JI jJ 4jLi^U-^ (j-^Lk. 4 ^.^j J l2_o 

. L^_j|j_ lL £j.U aAo L^t-i 4 il^kll ^jxij) jll _ L ^ 1 - 2 

dlVxo i 4_i 333^ <3*_aJE jXJLS 4 _jI jViCI» : J3 sjj 

^julLI I j-A ^L^b cuji-i JjJj JElA 2)1^ l2| Lo 42 jjlL 4jJ| tL^^nJI 

500 2>a 2)^1 bxLojixll Jjl_u 2 >^j^ ^'C^jl_9^11 

Jlo <CjI 6J_A 2)'_Luu 4_1 aIjJI ^jElIII ^js~i Li 

I blI 4_i EU 3 13t 11 Cj 1 i E jl I 3 L^o ^A JEjj^)V I 

Lo^ . cj E»_oL^JJ a < \o*\II 4 ,\Ec ^E- 4 JUIl 6 w 1 cE-<jlo j 4 j 2I jib'll 
2 >juloIJI ^L^-u)L! jj jUiJI 2>* ^*^^1 oE _<_ul 4bi 

BUILDING AN EVIDENCE BASE (*) 


3 ^ x^UllI ^_s 2)* ^11 j 4 _LjE <_iloj 3 -U ls - 1 c _>LiU 

E < 2 jJ»_o j_A 42 ^Lo 2 )Jj 4 1 3 j^| 3 £l <JuJI 2 ) 1 ^ Eaj .(( 4 ^_LSjJI 

2yJjL^-o — ^LElJE ((2x3^c-^LLi)) I2x J ^H ^ LLE116ioj 

1231*21 2 x 3 ^ 2 >° Ail,I 2 h° icj-0^-0 ^Jl 3-1 <-ouJI 

J2 

E_ul J_aXJLi iJIulS IJ-OJ)) : 3 jLij . 3 _cEljI e-JJ) Hal I ol 3 2L ^-H 

*j ^JajlII 11a 3 3^1 2>o 4 ^jjlll c->E^-o^jJI ^1 xll*<«I 

3 ^lE c_^ j_cu cE I jl Loj jjHI-I Si jI j-A jxLtlJI I 1 a 2 )E <*2 

((.^_<_ujjJsl 3jjJI ^a dLolLnl (£±a j_a Lo-o J^i 4 jl^ExJE 

J 3 i i 41^ Anil 3^1 _tuxlE ^.xclLlll 3^ 2 a 33 

2x3j^^Ll 2^111 4 \ IE IE . 4 _ija is*> 3^21 3 ^E_alE u-xcIElII 

31 2a^ <(JitE Ij) j \ ts*> 1 wE IEuj 4_1^ t— llII 311 (-ol,E 

uE 2 x 3 *2 4 xxj-oJI 3^1 xjxIE 3 J)< vc-1Ll> 2^^) 4 \IEII 

Is cjEjJjlII 3-o £\ 3JI 12 a 31 <3^-)Li> j .Sjlil I j o^_s 

4 Ij-S-o ^ Ic Jala (JJ-lA 2ybxljllJ CA^ElII 4 _* 3 _i]I ^A J£.l_ cuj 

< 1 aA jl 3 ^ < 4 j-ojj 1 ^ 2 I _Ell jEUJ 3^- t ^>*ll 4 _JEJI 

J\ O i (^lll EJ J EEJsl ^ aAjJLJ (_!_! <_U 4 ljJ »_0 

. J.C.E.al 4 I c\C. 
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^ LJ 1 j \'\\ 11 
Cy> o“4 <jL CxV* —A 

LS—^ ? (j.'^ J 

. \ax\ CaII J CJ Lsjalaj 

y\ _alxll ^_ Lsls-o 

S^A-l-ll ^jl (j^jjalsLJ 

C-^Li-oJI _a l_A_£Ji_ <1 i"\\ I 

J—oti (j—culjJI 

^i —iJj yA ^_a 1 % 1 

(jl til 

. 4 2^ A * Ua, 4 

y —o y\£j 

JjLj ^- <_UJ y) 

^_a <Lrw^lll| Cj\ _Ojixil 

4 V\ 1 ( \^ p ~~v 0 1 1 l 4 1 4 \ in 

il*1—(_ol I <_ j— 1<1 y —jlj 

^LjLjlo y& Jala <jlII ^ _a 42 

^_a ysl^ .4_» ci * <\ * <« Sk L^. 


C£ijU J*e- u! 

^jUilll ^iaj 

Ldli w .<LiculjjJI 
jJ uJju b 
^1 a^bJI jU 

(_£j^J L&J 1< <i"l^| 

j'J 

j Loaf. I dLlj ^j_» 
j<.u:u JS ^Lg-ia 

jXJjlj jjj (jA Ol^luj 

.£jbJI JA jdtfJI 

4_i_ lmA ^j| 2010 ^.Lc. ^-2 4-al-*-ll 

_ JuiJAA ^ 12 ^jJI 4j 1^.11 ( jjjjI jll 


dlld ^_a Loj <4 a \« a^II (Jl_aC^lj <2d^fl <jlsIjJI Ca J) ^ 21 £/_j 

4_l_&ju-all (jxijldil <jJL*_2 JjljlS y& ^ \ JAA 4 qljM.ll CjL<_uljjJI 


AA' b JL 


2 ^lll <6jl d^2J LxjlI (^/-oJjlII 6l_alicj 

. 1 * 1 < >-s QI I i b 11 \ 1 4 \ 1 7«Q1 \ a 

l^-ajja ^jlII cjLqI^ tnV) j^.1 y\ <cj—cuj^2jIj> JjjLj 


J->J- 


■l^LAiS 4 _nll ^_S 34 ^j| 4 _cLsJ) 4 J 0 Li-all '_ ^ 

jL&llI y& £x&.Sk (j^LaLltl y^ 
eljj yA Ji 1 Aaul.ua y ij < ^j-lc 6 j-c oLcjixil JjLu 

^ j±j& 

4 \ 1 ac. y l 4 _cLsJ 1 4 jg-Li-all l_^ < 2013/12 ^^ <t 111 

I ( 2 )^^ 4 ^ 2-0 dlj (_ 5 ^^ 2 )^ < 4 ^-*L 2 u 4 Jb-u_o Cj-II^jLo 

. 6 I Aa _<_uL_U^I 4 jlOJ^^JI J-uLs-II J H Vn ^ LS-iA Lo_o 

aa _<_ul^jJI £c_&liil jl ^.y.~^A yj*s±> yjj _llLiII^ 

^jjlia J 4 -lv! <6 J_i j_uLs_U ^_o 4 _ojI^jlc I_ Qa I ^_IlJt 

JjLu ujL^jJI ^lallil <^lj uuJI jjjdLaj 

y& ^ _(JlII jjljLjl!! yc. y ^ A I j cjLojJjlII 

y^xA L^-jloj y Ur^ cj(— y£- 21 ^ Ac. cilj 

b^JAuJA CjI -Ojlj jJI 6 J-A £\ 'y Ca -«-<jljJj — 4 _l 3 

.oLaUjJI SuicLi 

(J-a-ols i oI^jls ^ 14 -^.L^JL <yyijLjuA\> <_is^Hc.I j 2 j 

18 CjLojlxil (JjLu J_J_ UJA (J^JI yA .^jxijl J-ail 

JjLJLS yA CA LcJ) l JA y£. (^_S JjJtA Lc (jJsytA (( [\A\ \1^>^ I JAA )) 

SjLc ^jjajSa ji <->j \K\V 1 4 JlUI yj-^ 1^3 \ 4 \ 11 ^ 11 ^jaajSa 

^^JlAsA IjjLO ^ 2 j .jliu-ojl JjLciilil CjI _Ll-iljjJI 

l~\bA\ ^ d a V\\\ 

FROM LAB TO CLASSROOM (*) 


JjlgJI jjJuJIj J_JLOJLi ^.jlsJI ^_Lc Aa j5L^J1 

Cul^ yA\ -caJI ^Ak .A ^^iljJI ^.Ull L 4-jJ-3LJ ^ S 

yA JLallcl j I Aaajla 6 jl-^-cu Jjlo _<-ol JjL^b 

J-iJ_ cjjlLII ^jh) . \a _ A 

6j,_Lbj 5 _<_ujlS-o ^_<_ul j jJI t_2u-<oJ) ^k 5jJL*_L1I (£±a 

yA .«(—y _<_a^3 

y[^ <aJjl11 <jJL»_2 \ \ ^ 4jlajl\ Jj_ yA j \ \\ 11 

Lcj^j-o y\£ ^-^2*1 g-frlll ^a jjuJijlII ^j| Sk\x \ <cj_ 

^jjjJI)) jLa-^jLsVI A _ cAe \aa _ uu V £a"\ ~y. A JjlS yA 

CjLjLlj — 6jjl ja jfA ja uum SL^_2 ^j) is~* ji.1 I J_A ^A I 

((. CaJ} ^ * H jx£.J 

jjj-Jjj y^ ^_jLaj— cut ye ^/3l2^LJI yA jy &' 1 <~Ay -' 

(JLa£.| _2ixJl <3jlLLI ^2^ IES ±§>11 

CjLojIjJ A<n JAS .6 Jj»LL1I 4_Lojl^_U q! \11 ^jJaJla 

L-kuU^J ^A <Jllil JjLi_CU <42^11 (jxijljisl jkH <JL^2I 

6jl jl ca IaK ^ 


l A W ^ I 4 J (Jj-axll 4 \A 1*311 CjL —jbi 

.A> J[^jj .Cj1^j-22L 4_i-^LkJI 4 JUJI CjLojIjJ 

^jh) : [(jJ) *-& 4Jt-cL^. ^_S JII V\ll jxic jIj _cul] 

yA j-1j^l) y^ ^2=^ <_iljuu ^jjih LJL^ 4_c2l2JI Sjj c^JI 

^jl bSkjLA 6jj^Ua J-A \U.3ll y*j 1 jJju \aa <Cj^ 




III 


Cl 


| <yjA I_aj|> .(( c5 aLJI UL 6 SkxA I — CjJ^-J 

Lol^-o 4ajI jAxi\ CjLLlI ujjUCJI ^jl jVb \ Jljl- 0 

^jlil jjl^.^1 ca j-^JI»Sjjj_ i-AJL Jic Vj <c1oj 2I dt y _o 

4 \ \ a e 4_iljj ^A L-OljI JjCj ujjLdJI y I J_ AlIjla j .((1^2 

6 j_id^.j 4 JU-S 4 ^ Tn cJLLA Cul^ I jl \a 4 _SjJl 1 ^Jj^JjJI 

■ ^ yA AAjAA 

{ * ] yLu \jdJl diLufiJI J.L\\X\ (JA 

. Ld^j ^jjjjldll _II jud -^21 j\,la II Ij-A JLkdl (Jljl _c 

djl jJsl J ^2jljJI 4_ij_)d-o ^jA d-C Leal I J_idil] <(^dJ JA .F .J> j 
Caj \ 11 jaaa \a yU) jJI ^jJxJI 4_Cj-tiuJI 

<^j2i.^l CdVlcJsl y^ j \ \\ 11 y\ _2j dUd ^-2 <4_ijji^jiJI 

^jl cUlU Jta.jll ye yA j <J_i^la _ i-ala 6dlx. L^bl 

((.(j-cjJI yA Sj—la y jCG &dJj! 4—<_uljd (g*i yj £a 

t_3Li-oJIj jjulUI yj JalXa yAj Jaa jdl 1 < A \ I dll 1 aj 
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Jfflajallat 

abloom 


12/11 30 oJbJ.1 

2014 j-LdxxUJ j 




^ul ‘ a «<** A JSLcu Cal j Olu^SLo 

^■WaW 1 AaVC^W AuA^A oi\ 

. ^j-a\W qa \lxxjja ^\xX*\W A.AaC. Aa\<A\\ 

<Lij£ .S> 


^Ljl^fl d)_t ^IjlLo J_a] ^LoJU&l ^ ^^ 

cjVI *Ijl> ^ c ji4 C£^J < (r \3-$l^lU jl (jjll j^-^2uLll 

ALl . ^JtlaJI ^j_o J J-C Jal Jaj culu <Uj>a 5 j^3 

<jlLl 3 ^J-O <CjJuLa CjVI ^ku ^_J £_a (JjlaIL* 

Cj-o£ 1993 ^.Ic <Jkil J-i-s—cu ^ la q . jljll Sj—a)j 

<^10jj_cuti>k| .K .G> La_& ^d_l 1 tl C CjLcuI^J ^-JlII _k £-° 


compliant stapler <Lc I^kta <LcxiLu *1 
^-oLo^fl ^Ia^JI <aI _cu-o ^ji ci. 11A.3 ^_1AU A 


.L 


.L>j 

V 


4ik§ 


U-° 


.L 


ol 


Jl .A _dtjua ^Iulia) <JU _ cu 

kla q ^IjJlju-uVI 1 ^V\ .cm Gil) £JJLA^ j 1 1 j>J-^l^ 

4aIaj JIa £\j^j .* nl I 13_& J^-Cuj .^.jlol^jiJI 

cj"° a. * u3 11 ^jl . L^JggJ-OJJJ 4 -cuJj^JI Jja .a 

_CUU . I ^ \ .o ^Jl <aI _ cull £ACcA3 4-flJ5k 

I_uj^tid I^J-O | ^JLJ^JI JAOaIJI Cil J ^-J>1 ill <Sj-& JJLC ^llul 

£ JaILLI CjkVjJI £"jIa _II <-L^k 6 ^)JlS Jjua L^J kuuk 

1 J 1)1 J-L 


xAaj 


<JLx£. 


JL^ 1 


^Ll jr U „j h 


l^Lojj ki JajL 


SHAPE-SHIFTING THINGS TO COME (*) 
one-piece (>) 
design for assembly (Y) 
elastic, or compliant, design (r) 
monoform (1) 


i^j ^ l- a ^ 1 1995 jilt ^ 

CiL^-Lcu-o CjjIi Wii <^I^JuujlLo 4_»V^J £j\ ^-^clJ) XS~> ^ J-^.1 

JjLj-u 1 dlllM C^l\J . £. 6^)Li_cull ^-oLc^l ^L^/jJI 

<L»_oL^J A l*\ GKII I A _cujI^JI ^_a 4;*—^ 

J_sC sJLj Ci-la C^l\ <lL»l_coJI Cjlj) i A ull ^_2j . _<1 lLo 

^XdU^uDI))-* icljccoJI ^9 c_3jJLJ Lo CjI _culjjJI 

olj^Vl JJ_C Jj 1 Vi dlj _o cCJ_^Jl j «. (Y) ^ 1^^311 

GxXlll c_LJI^j (JlL» Lo-o iA _ % \& ^.3 j\c ^_a 

(J-oJlJI |j_A jL-cu ^_S J^l-cull I Cj I J-> ci C^lCj .^-lA^jJlj 

L^JuL^U ^Jl ^-Jlo^JlLI j^JLO-c^jJI cjA.I CiC^Jccu LclC 

^j-o CjL^JlIII i i i ol c^-^ll 1)-^ (J-& A AA11 

cJ J 

<6jLcJI A lr\.C. ^ Ijj ^jJUc lul j ^^.LLc j-^cj J 
Ij^.Lcu 'illo Ci-ll^ 1 \ a n I ^-oLc^fl cl^Lcu-o I 

5j_a_cll J-cLiJI 4 aL oll jlULs II j^aJI icLcAl 

t—■ c-vj Lo^ .A _jIjlU Ijj-o Cx^-* o' <(JljJui_cuiU 6 Jjl1I 

^IajJI ^1^- <12lcLx-<^ 6jLcuJI -ULsaJI 

laJLA^ ^jJljLc ^jLcU-C _CU j^lc- LiLaJ J 4-UA 4ji^jA 

JJIj ^LUI ^_k. Ijjli jLUVI Cx& 1)11/_xuj lo£ . jj_ 

^j-oLa^l ^IajJI aVi lA^^IjlaIj cl^)l-i_cuJI ^jLaJ ^^JLI j\c 

<UJ> 1U11 4aIaJI 6C^J _cul CulA c <Li^-3 . L^jlc Jil 

6J-cIa 1)LlcA_ 2 _a cAJGu I JA3t_a LcUAj C_Hi S4_ ji j^ll 




4_LLi ot-4^-a ^ .-JlC (JLa^^fl ^_jj^jL» 4uj^ll ^_\~4^wl (j_a ^j^_au 

.f.lj^.^1 JJ£. (J^tu £.\jt^\"\ Jkclll 

oljjlkJI SdJd^. O^fl t wni jlSca^L^,.u^, idJja 

^ ^L-^i t snake robots 3 _uLa 11 I o^fLu-uj^lj J^_cJI S.juAlil 

.4-oC^jlcoII ^IjAl LJlxillJ (Ja^II 6jluj 


(jLouVt ^ y x }J CiV^t ^ <Ajl> 1I ^-k J j-^^J I ^uu 

<Ha l.^.^l A _lLcss f-ll^.1 ^ya 6J_Jlst_a ^Ulj (J^Lk. _o 

« 

<_i^Lt-saJI <2/—? <dlj Jj—o .iUUAJI 

.JI^VI ^Jl£ 

Ls . i.j'tft «La.jj 4jU . JslU JI jjil 'Oi^-i ill . 4..«^ y 
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3 _*ia 3 3 a irises oLl^.J4lL1 

100 4-u-o.ii 1 (j Ki n jnii"i j|Jl Sj^l^ 

2Lv-^jL-kJI ,j£ la*.uaJ) j_i£ <Htl 







<JaJLi <LalUJl jXJ-i <<jxiJL lI ^-cljJI c_J^ _<-u_» Lajlsi 

jxl J-kju_ul s J .jX^_cuJI £_SjJ <LCj-<-uJ l^-S^UaJ ^jjys ^ J_oj 

.iijJIj <1 cul&J £“ LbjJL 6j-ij£. Cl>l j-£> <JJLlI <jJVI 6J 4 

6jJl£^. ^4-S <^JloI _CuJI ^UslC jJb dUjJ OJ^.^1 Jllllj 

^^)Lo_c<jlo j ^cjlsJI _<_u ^Ua£. J-J j-a^J J^-uuJI 6 Jjl^.j 

■Uqlll <j^.VI (Jl_111 Lei a,\\ nl*^ill J-a^LlU j_o <JLk 

jLUd ^ 1c ^ b Kun \ jJI j S j SjJs J-OJU_i_aJ c^jJI ^1 

j^l J^Ju-u^U <l&Jp Loj 4j 3J_1I J_o <pl X^-JjlL-uJsI ^_2 £__i_ulj 

JJLj <JLC JjlAjJI <JLOJ ££_o-cuj Lo^ <CjLlLoJlII cJlj£. 

.^Id^JL-ul <J£ 

JjLs . UwI ^±a\ a^Vi! I j) \\ 1 A a. 11 J_ 2 ^ 

LIVING MACHINES (*) 

•Ji-u L<_ujl {y> t>±&j robot Jl 4 t . n i robotic (^) 


Cr^UI JjJAsJI _O ^ U 3 . J(j-sjl ^ If- S J <_3 lUl£ J_o 

- ulA' ff*- a^>^ 11 5-cLsJI JjLlII Jj_^ ^ 

^iJI oLjJ^lJIJ ^A^IjLlI -LsLljlLcuI 
li£J .compliant devices 3 _cl^la-o Olj— ifry *\±>j 


^-oLo^l j-UjJI <_^.l_cu-o \^a \ <l_^ILl 1I ^_s <Ljlo_s 

e- LjljlI jJI ^_S (jj-ll jXJLAj-ojJI 1 _cul JjLI .cUj 


^joljlji j <jj-o CjI^jIU A I j J^;,ll 6jJL^.j 6jJU-Ouc 

I4I0 ^>jl3u cj^Ij robotic snakes ( ^ 3 -JL-aj| 


.<jLSj jl-^. Ai 11 JuL o Jc 


0^1 


Lo-c iiLljkil CjWI _J idjJ i j-oVI A _^_S 

. dlJ J (J Ijlc .U A<n I j jJa I t_j l xiitl I j (jxiI ^J • ^ 
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.^^-t-llll jj-sJI dlo SjSj-tl <-CjlLll <_culjd LT^ 

j^jj_UIU <-X-oLi- <j-o] <ljJLO .A> jl-3 <6j <OjVl ^-3J 

[l$Lj_o j_oJ <J _»j_a .l>j [fctiiJIj ^jlx 11 

^j-c] <jjool^ .M .L> j [jLLcdio <_x_oL^. (j_-o] <jLojl .S> j 

jj-o <J uilun 1 x \r\^. Ij-ol_3 [<ll2lll ^ jjll ! i— <j j-doL-oLo dfl x a 

oUjoklJI (jAAia-A j-o j djll I d-A Jjz^. Ajlioll dJ A-jJI 


^\ 


ir 


-OJ>il- 

SudYxav Ko\a 

O ' 1 **03 jl-i unti Ajcd^. A ljj ^ s A* ^oVa i_u\ <.\^^S> 


Ol *(] ^j <3o3d-ll dljd^l ^ 3 Sj^jll <-CjlkJJ <1 LIjl^JsI 

. (i) (^^jLUI ^-u i> ^111 

oP* ^ v'—up ‘ J— 

locoj-coa VL-a i_jj,xA t J).^3 . £_iAj-ojl 1I ^LlljLI ,jLLll &d_A 

distributed compliance ((4_cj^HI 3—fc jLKaJJ)) Lxol jj 

Lu-uL-u I lj-c I Acjjoll <£.jlkil 6d-A joixo j . <J-Q^U <JjL (£±A 
^jJI ^A-loc^lL — <Jo3o JLx£.Io ^J_3o ^iJI <ojll dWI c- I_Id 

I/o^Ll ^joJI ol^j^ll ji < joJI ^-3 dljjlLJI ^ioo 

Id-A J-oJlII did_> Ldo£j .(JI_oil Joj_ UJ ‘djljjd-ll 

<-olc jjL jl <Ojllj (JJJ- juj I ^_le jJAxJl j-o jiool < JL^JJ 

jl^-tl j_A dll j jl^j • <-CJ Jill ACjlUll did Sj_^ 1 ^ i ^ X.A11 

V (^d-ll <jl^-ll J -&J < JLJI <—xj\l~j ^dj^-^. <0-3 dj£j —II 


.RexS^s, Vrvc a<, jdA\ 


(*) 


6^1 J& c*£. j—L odl^. < 1995 ^lc I j_a dJjjl cold —j 

. |^dljod <-S_oL^. ^_3 J X^-duJ| ^l_3L^.^fl ^dl-^] <J^ J-& S> JLo£.| 
,lr>lrC4A\ j '« v-^A\ JlLc »_x_o^ ^_3j 

^o-oLi-oo J_oC <-3o^Ls <_cl^oo A AJO <(JSj3>_3 ^ \^X\ ^ 

OlJd^dJI (jA_JJ l \ \\ <ol_ JjoJI < 0 ^jl k \J <<_3LOol=JI 

JJJlLJI < 1J jl^_Ju^f I ^JJ_S jlo-OOJ . a 4 < ««. 1*4^ n 

<jj_o 1-^^ p K < 1 \ 3II ^olUIj^j j^. dl u^J_ < - <J (jl ^ A-x-uj 

t^y^X dl p < \ J AJJ (j 1 I_ol_3 < t-^oloJ^-a Lo 1 . <_nj3j 

J-OoJI <Ool J <0j3 iso I JjO (._iJL*S. I <-Uol JO-O (Jj_j I 

. <jl1c | J^joa LojLA I JI jo dl lo 1 j^-o.\j . (j-ao I joJ I j Cj L^.VjJ I j ( jjj jjoJ I <_olao^f l_3 jL^. 

JjLk. j)-A dd_ooJIj £“L^.j£.VIj ol_Ij^o^fl <Ojll <_olao^fl 


j .\%tsr* JSu-ud duldd 

L^OjSJ ^j«mI <JlLl 3JI <odL^.l <Oj_C djV ] ^ Ic J_o_3iJI dJ I d_i 

^-XJLOJ^OjUI 1-OLX-aoJI jj^f J i < Iolo-o-oJ Id id-ZS*. Ij o| 

(dl 1 AC. d3_3 . dJ I_SoolaoJI ^ ^_3 (^J_ l-Ol3 6jJj-<-^ J-A 

J^l JO (JjLA SjJLO^JI <_ j^rdCjll <_olao^fl <_txiljd ^-3 Vji 

(J^ljl ^ dJd^j -CjIuP—^ 


c^- 

U^J 


0^1 


Ij ^Jdl 


djLlu!_<_ul!l 


( e ), 


(MEMS) 3_i^jSLl4 3_\< ^M< ^ ^4_aH-Vi 


dJ I do d-3_3 . AoA^JI dilo (_3jjl~so j \i\ d-2»- I I 3lao^> I d_A 

djI^ouJuJ <oj_i-cao ^c_oo ld_c jOjEaoo joJJ djVLi-c^oVI dJ l^j_dj 

<olc ^_3 di a. I d AH I dc j)l£ !<ooj aAII (_sloJ^f 1 


<_U^JO ^O jj_OJ <6joo^ <£.j_i_ao LI jil LI jj jooiloJ jJLj-oJI 

dv * IM I 6jO-3 d-X-JJ . J_^.] jl ^L^-ol ^J| <ooJ A A II 


■ -till! A nlj <(JSj3> (_\o5xJ ^Op I j3 d-X-OJ <LjkJL 
wL^jSoJsl 4—aitadVI jv < jJI Ldo 


;1 




STARTING SMALL (*) 
Life’s Devices (^) 
Cat’s Paws and Catapults (Y) 
engineered devices (r) 
nanopositioning devices (t) 
micro electromechanical systems (o) 


.<OoHJI L^JlOJ j-O JjLxIL-ol 

J \ \\ 11 J I Vi dl ^oo (^dJ di-A^IjO (jdJ <_aJI ^_3^f| j\C-j 

jj 1< \ 1 j <0j3 JS LlA ^ _ \ £\ j.s~i "\ ^_S 6jJlAJ I jj o 

^IdAo—<-ul u^ ‘d-ld J-»-^ Lo| <^oJLxJI ^j .^Lllj 

LoL fiaj_ X i-All didoljo Idl_3 . < xL^JI j <_sj^J I dl J_II 

SdLjJ j) J-a^JI ^.ojjoJ dl J-ll jj-o doji I <LL_uooj ( 3 \ is~>\ 

j) I U^- ‘ dJA\^\J dOA. J-ol Ll^_A <0 jL-i^JI J J 

(j£. diodoJI jjSo Lodlc <£_jsl j_ll ^_3J . <^^o <_u J-OI <ojj-tl 

jl 6j_ (JjlLLI <oJoLJI jl — ^ulj^oVI up tSd-oL^JI JSL^JI 

A.iaa^IlII <JLw ^_3 Ljizj-o I J_a | dJLO — Lx aA 1 I dv^P joJtoJI 

.LjLs JjVjil ^jLlil 

IdL .t_3ljj^oVI ^jlkll jXJLC-t-aoJI <_sjL^Jio < Jjlill ^3j 

I^ lx luL < L <oj-o <Laj dl ^ I j_ £dldjl 

J!iLxo col <djlLil <olLJI <3oLj jV dlld <dL cu 

. <0^J^^ J I <0^00 1^ ^ a < 1 0 \L j 1 ^ Q|/NJ> <0 Jj-L 1 

^_lc U4 /All j^jjj ( jo-ol_dJI <^U-j ^1_ LslC <JU 

£-000 LoSj .6d^ldJL frlLx 11 Lojo (^dJI (jo3jJI j-oJjlII ^j.^11 

jSjOO Ld\c,J . <ol d ^ULOJ-^jJI j aoJI \ jJ 1 ^-okJl Lilli 

La die ^loooVI ^_o cuo <<-3 jl3j <_L-Ol3jlo <iLlo Lj X_c<lJI 

j^jl^LJI c_3^e dil .lumpedcompliance Sj-^jXI 4_c jLLlII 
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2 



'L> J ^ '> 1 L>° 


( * } <LiOlj^Uo 

^^1 ^1 c_jL_ u}i\ 


J-JLO^. | 


0*3 


A<l " «. J-& Lfllu La-L^JJ^J^^M C^aJ <^jUall 


jaJ£ 6jjill 6 Jj5s .morphing «J^-^UI» jl 

^j-o J ^_ L^ilO J-OjJI £jA <\ _-X3LX\hill CjWI 1_Ajl (JS_AgJI 

cJliSjlII ijjUI 6J A fJLlil J-AJ <_u 

4^jJ2>JJ £ Ja\li\ — <Iilill «L_uJjL^JI jaJLc J-Jj_«_aj| 

. I-Ajjlcj j J^lc.I j)A^llj j cjIj jILlII 4ij 

LiJ jlIaI ^£j_za.^M ^ J ^.^1 6J-& J^aJj 

Lojuu <4_»Lsill Sjj a j^La ^j) A^qll 1 LflfLj (J-a3LJ 

J-ij—<_ u f&^lLJLa .^jii.^1 cjLs^_s <dj^l £.— 

(J-i-oaJ (jI^JlLJI * 3J^L> ^yd 4 C^JlLo 4-Cj)r>^l <<JLLtl 

icj_cab j ^LajjVI ^-3 jjJulII cJli^-3 . ^_1| <1 tlAj ^yd 

CJ> Lc_c ! Jj—2jb d^^L^I-cut JaAj - L 3^J J—^ 

l Ji I 6<d_a5L> Lu^la Cj-3jJI (Jl j _La (J-oJLJ 6j_JklLa.il 


FLEXIBLE FLIERS (*) 
linear motor (^) 



CiLa., jJ J_^_a Jja-j jl J '<< :‘V< 11 iLLlaJI 4 _i jXI g-KmSU jSLaa < jjXi ^xxolu^lUI £-3 
4jda3 j-a jl ^^LaVI ^L^j-ll oLaLad CiljLbVj «h) Sj-aLaJI ^HaJI 
jA ojAj U jaxj jl ^LluaiM-JI j^ SaaIj <(2.) jl jtl j^ Sj^Ij 

.(3) 4_>j_l1a1II cLujLijJJ 4 Ki iit,l i^-j^a. jjjJixJI^ <UljjVI 




CL) J-i (Cj— 


pijj ^J| jyc^.Li^ L)jjL 



< microsystems division 
. I V ^ <Uil Llxi J< < vdl 

J1 _LLo_i — < i-sL^ l 3 _Ll j J i_i ^ ^ tn ^ dj 

^^lju-^jlJI Jjjl 2 ^j ^-1 . ^ 5 -^ OL>J \j\ \A 

I Q ^ C | , ** ( Us 0 0 jy \ J 4 A 4 a. ^ j ^ ‘ 1 Q 4 

jJ ^.\^j . la jJI J \A i^Ts JJ.3LJ <Ual_CUJLJ 

4jlS Lc_i <jL)Li J iI ^ j ^ <JLjl^cLi Lud <_u 

^_S J IjLJ I CjI J J lS*i LLoJ J(J La-C J ^JXIJ j J <1 J Ul<L1 ) 

^ jjLJI jL^jl oL ‘CA^jj^b 3 ^ 

<jLij .£U^JI 4 mS\Q 11 C^LdLalo I 4 j _call Li 4j3jJl 

I ^ \ 1 ill J_JaC 4_Uj-C ^yd J MEMS 4_nhsWl 

CjIjJla^aj <cilj ^-dL^. —!| .Tinkertoy c-.u^jlJI ujLsJI 

CjI jl J—II I batch 4—xijJI 4 qjjk j MEMS 4 oLdVI 

cj! cj) j ^ he. ^1 ^integrated circuits 4_LoLHU 




\dJLS*i \ \ CjalS JAS 






A. \ 


d aL. « a 




^pl LjJ jj*N \d _dji£- L^jl JlLo 4^j^A. Jjjjll _uuJI ^jLa.1 

. uLlluj^IJI dj^Jsl 4 ^A-oJ 

4ijj ^j^Lojlj J clj^Jsl LujJ 1998 ja.lc Jj _ La^j j 

(w .i^>.3M i ^LoGLc (j aHII & lUlj cJjLcj .<1 JLa_Sj 

^yd ji^^ J-asJLi Ij-Oji <_<JL0 jl! . jjJu-oJI j us\\x II cUj 

.J^VI L-^jj cjLc^Lc o3 j 6-° bjjj C^Xi 6j—cic 

4^jJiJI jJLVc ^j| j_A <^b SjLJSI jKVI 

6 J-^.1 J 4jlLo £yd Ls jic jj-o J 4 jI J £_la^jj 41o^Lj 

.oljjLJI JCaILI d \ t < i 11 ^yd Jala 


?^\ 
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- QLlujLujI - 

w LdLxul LiLtx-i >.4 K 


<u i(j t,l <A<lsl \j .d£ Ij^xJI ijsa lJUJ^I dbl—uli oL^jI 

^1 IjLu_ujI robots c/tfl_<-d)M jj^aj ^5-^ jKi i-uia &JLaLa. 

Cjlj.,^.,,-% 4-iiojdl olAtiKLIl jl jSLdnj .4 <<iVi ijjJU 

j-o J^UuJI ^l£. 3 jjla j^JI ^ 5 -^ a£-L<-uj ^^jJI ^Uajdl 

l^-VLn La jjZ)j (SjjsJj <USij-i lJlLUIj ju-uSJJ <LL»IUJ <lLi 3 jJI pIk-u^I 
.jj-ujJI c-u^ Lti*v jlaL J^jlII j*a JLljS 


jJI jjjxJI j oLb^-iKV^I^ jIjjjJI ^1 ^imiJL 

%£ j^aJI L^VLaK :j£ jj i-iilxl j^La. ^Jn.fc JSj-^ jj ^ JSLiia V 

L$-at mi^i .elastofluidics <_..v^l JSIj _<-oJI 

Ki^Li <0^lu?i£ iuaaXl 4a^ju-alll ^iLJV| iLL±J 
<btjdu Lujj1a35LI miaU lJL-JVI j-ujuj .ioj_sLu£LO J^1 —uj «bi 
(CjMucjlII \'i'\ j^a ^jLJI JLL-i-aJi iLajlit ol jLaLxo 




JLL-aJIJ ciUVI 


<U|j^ruuil 
4_iio LLxo 


p| 

J^L-u jl 





ujj^Lj^U dL-uUI jUajJI 

4JLuij| j->.4.'u-i < jjlu 1 ^ 3 - 0 in v> 
«c_uL-aJI» L_»i xiu-s guL^U <LduU 
3nuh cibJL Li I* s jj^a o^dil j^ 
■ (jW^\ jL_u\) p|^Jl sJIajj 
JSuJji LaLlI «<*_uLxdl» JSbJj j_jJLL» j 
<vl^Jl ln*lr^ sjbj jLc j^jlaJI 

Sjj Ja 

c> jLt -Lu jl) JL.I j 

•b^\ ^) fej^l 

jUaLLlI I jSduj 

Jaa oojL^LJ d^UI 

^1 J 4 -CU ^Llcu I 
.4jjj >—4la 


w 


C^fjL^XI aIsa a Cw>.\VuxiI 

oVLuiVI a ^ ,a> ^ \ I 

snake robots ^LaUI 

2 1 ... 1 ... — d ^ t^s a 

J^ Jji 0^ .4l»iXI CiL^SJtl fjA 

<jl .u.J>j <i_i^S> (j*3 
aL\-L\u< 1 [ jK.uatfl 4 jloLa j^] 
lJlJ j^uds isjt.ua. a JjLcu 
si j&a <L<LjLa - J->J-> jcuS 

«c-uLxJI))^ .FREE ((uasLxJI)) 

j^ ji~3 <L| jk u-ul jfc sjLit 
julLiKj ^^ai.1 j jjil ^aJ^jJI 
(^i) ^id fcuti (jA oUii jl 

(JJA 3j|J^KiaVI lJUVI 

jol.3t <A M dl£. JSdoJI jAXJ 
.(C£Ad\ ^a) J^I^JI ^ J^LuJI 


\\ 


\\ 





vv 

Vi 



\\ 


\ 


(isLiudLI V) ^aIjJI £u3 «t-uL-uJI)) 


w 


V 


jjaJI s inII sLdil 
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j J^b oLuJ Ijbj 
<GU <«J-^I^JI c-uLcaJI)) JUl 

A V\ I ^ <ULi jt^ ' ^ 1< < «‘« j <» ' 

ijA JS ^13 .4bUuA*t) J_i£. 

(j^] <jLuJjL».G> 
[£yu^Luj-L»L»jjl ^ ^Ul 

' >f- \ < 0 < '\ \ <JLU^- A ~ l 1 

^J| 4baj jJJ «*_ulj^-aJI» (j*3 

j-a j_iSl Ijji ^131 Lxo t i 

^4 ^jua\^l\) <i£j^iJI 
MSLui jj-AuUI I jji A' '^ 

. JjiiJkl ((u^LuAl» U-lj l4TiA<r> 
dJs^JU^btl ((lj^I^uJI)) ^ 1 
b^Jubil j ^ jc- * ol"^ a jjU 
<dl->j1 4-LaluJl ^ ^4 -o^j LaS 
.<L^I jJI <ULa. ^ ji\ 


^-11 «c-uL-aJI» b>liubul 
iblAljJI jljj^JL iULiJjj 
>l 5 ^jJ-LaJI tlKui jiju^b^LI 


robots cjVLojVI JA 
SiLsjLs <La£LUI 
2lLu^X\ 6U-»VI JIJhV 

«U-oLkJI «ujI jxxJLi)) 

^£j-i <Lj( jSJ jbJI 
jl oUiiKUl jl 
4_i_ibJI -v I I / j a . AVi 

<LicLi oVbjjjL ^Lij| bA 
djjli (C^^\ ^) d^aUj 
<Liui dKVi^ JjLu ^lt 
^-iblubV 
. jVi >4-» ^i^ji a^JbJi 
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Ly^Aj 3J>^ * 3j3 3 IA- 7 JI a| .< c^jUlll 

J a^w ^y£. <_ 0 _^LJI Cj\ _ol^-CJ) 1 \ \ 11 *_sV] ^_a5yj 1_ ClY 

^yd t_sWI CjIIa J-OlsJJ <jJLc ^-JLOJLi LH i £" l_J^_l| 

J O xVi^ <jl Y 11 ^ £_JlJla-o 1 LI I _i_u 3 ^s 3 ‘CaLcI _ctJI 

<-» till J I jjLJ l \ A \*\ AI ^_a yA A 1 y^SyXJiA AA LI J O^lJI 

aaL^ja ^a bj) \\\ 11 cjI^jJuJI ^1\ isLt^Sl (<a \~\ _mVn 3 ^ 

iaA^Ci x 111 1 Cjl ^ a^jJ 1 y ^jlo_i-^jl 1 I AaI^ JI 3 ^-* -J . SjI^^JI 

ijjUwl AaV 1 £. Y*Y x.tVy J I ^ Si_JL frA AAAjJI tillj ^ 3 

oUkiil 3 -° jJi<J! - <iu>\ \ ^jji a.j a 1 ,^ %n <h^Ly ( j<;xVi 11 

. Laa^j i^Lilil 

S AcIa ^Jl <iaAA ^ jJI (JJ-U ^Ljl^JI ^ aIaILlxiI AAA 

AAiH ^jJI jLl^VI £j\ _ A^yyA yA < 3 j) x < tyl Lj~AA-y 1 j> 

^L-olsJI y ^I^jlLJI icl \a^> a )^a 

AASHa <^ll^Jl la I .<jJ \ 111 11 

SaLcI Ifl \\ a s A _jlLS. 1 a <july <J 

4_yLJlcuI il_x_aJ J^ tiuJI 

J dlj^-a yA <AJlU-Q SjaJ 

IaA J—la iyy± ^ -3 ij — Y S 4 ^ > 

4_x-sSjJlS J_ jlC. 1_ *y& £-|_l^JI 

^^a Sa-ya— tii <u^.jLS. (j£j — 3 J 
Iaa jliij . 3 Lj.ll 3 -^ jLlLS .1 

jl^ JJjLa.^. IjJlH .. Yax^Sll 

“AA-dj> SA—ell ^^A y\,j.x »A 11 

\_> W A ^ 1 K^y^uujy^ L> 

2000/12 j^-t-tJI ^_3 ^Axij Lo-o 
iilasJI cj!_aijlUiII jjjklJ FlexSys j. 


£_Laj ^jl l^\*\ a\ <(£j —^-1 2>° ‘" u—^ 

1 ^ ^. W I (J \\ i'xi\ J a^3 \ j-i ^L» jAVnj ^ J -ia-^2 J 

I ^ ^ 21 LolC dxl^ 1 uM < o LjlLS_ JUJ 


3 x^a \ 





/' 


cH: 






.j^aI jlil jV \ ^ A^l 

> j \ \\ 11 1^11 "vl CjI _<-u Cj _i_u Axjj 


J^jlJI ( yA 1 \\ A~S i^\ _(3-^ irvrwls _UL^.1 

^Ja _ cuJI t_ uL^JL 4 aL-oJJj cJJ^I ^Ljl^JI ^yA 

Scaled 4^SjXI jI^— il 3- 0 4* S^SLLJ yjuu^A 
< White Knight (j-a—uVI ^jL-^lII cu-o _cu Composites 

Cv A AAA .^aL^j-c ^ lj~v is~> ^A 3 Ij^kJl _ lL^.1 I^^.*2 

(jjjLlaI ^UiJI S^SLLJI ^ _ui^ c.Y-^ Li^JI S^jLLJI ^\ _1^. S^_o _ ljjS\q 11 Jac < Jlill Jjui _<_u ^U 3 

AAj (—Y^.,i.Id 1^ CjiL<iLs_o j-^dsi AAA <3 *aJLj CjUy. j] ^1 A-^i luL F-111 <JjIa1I 

ft-x^ cJI J_aU_o ^a SaLj 3 jA ^ l.lj 0.1 j ^ 3 jJI ^<ajIa aerodynamic 3 -iS.l^LuaJjaI caIjAa t 32vlil li^JI 


(camber 4 aI aja^. 1) li^JI JS-tii jjjsl JjL^ aa xi 
3 I f (3 ^ ■d * 1 ^ A-l^ < O-itiu^l AA^ .*Ia^I £j\< ui^y. \ 1 3 ^ ^ ^ ^LjLil 
^ I i yA \ 3 \"\ ^ Lc yj Lc^l^-I <Cul^)> 3 ^^ 

J \ Y3LJ 3 ! LL^.V Cy aIc. La^ . A yIx^>VI l a ^ "syl lla ^A £“l_l^JI 

^A 3)^1 (3ij^)lS t 3\"\a £-a (J-a 1 X ~\11 £-1 i^JI t si A-YA-2i.l 

^jl^. .Sac A j 3* 1 Jliil Ays y I_3AAj (JiS iLiA^JI ol^UJI 

(J-osJL 0 I A-YJ ^I_3ti-aJ| <A \yL iljLLs AyC <JjJ CjI A CA_t nl^L 

3-a yQ _til I A 9 , As \ A_S-Y^ 

‘I<h>_t-^^iI A _cul^jA 

A 3 y^. xs~i ^ _3 lj ys xs~i VI_Aa 

3 — c ^bA^Sj <1— 

u* •** ^ -^'>-> VI 

Sa_cLa_y CIyI \y*y 1—aUl j_2^.1 j I 

A _yj-^JI <3j_ U ^A > 

o^j ^® 

3 >AlkY dlliA 3 j X iiA^y^ II 
s-SLlS^m ^Q^JI ^juu\ ^aaa 
mission-adaptive 3 ^(jll 
^1 Jliil j_S aj f —lj .wing 
^IyU 3 c ^^_ti 

^1 3a^. 11 Sj^aJI aJJjLy CA_cull] JJ^Ilil Ijl^JI Sjis 3 1 <Ay*y3 y*y 

LaC JIJ-luJ lj 3 ^ 21 - 2 ^l— yJL- i JLj-oSVLy CA-aA aIIaJj -cA-y _tlx^. US 

yu\ a^. 11 3 Ha a y a xs~Ts ^j-lc l_3jJLjL1I ^A AjjA£-yJ> I j jH IaI 

.^x^JjlA Aj A-yA-coJI 

^LjlJ <A_y! _call CaVjHcII j\k» a 3 1 3^^^' 3 x^Sj ) All 

— SA 3S a JSLlA ^A SCy X nl < L^-K 3<1 y 3 I < Jj^ll ^Ijl^JI 

Cl 11 AaHj 2 x~a 3-° AaIj cVjlsJ 1 ^_a S A-a Cx.J A 1 y 3~y AA I yJ] 

. 3 )jJlLJI c_3jj^isj IaAj JS_tiuLY ^ll^JI J^ Y <ft Js I <j(3lll 


d K 'M< < a ^^<JI 4_A j^JI j-ySA (Jla ( IA^ Sy Y S 1 rCi 11 cjW I ( ^—1 1 A \ miyILj 

.^-ilcajJI CiIjJjjAs y& Sj^yuA 4jdsAJI ja-xa<-ajJI g-tuaj J jA 


^judl ^Jl J-coS < y x xt\ y A^AjJI S^LH SaLyj ^j-]I I A-A ^ryyLt^ S^jl A yA aIIa iAyjl^-y I AAs_aj V-aAS 3^ J^ y^ 11 3 ^ 

<J-aHJI SaIaS _cuVI J Y31 j\ a x^> a Ljc^J <lil 


AA-aA:Ci_ cul La Ia|^ .SA-yAaJI ij-il flaps pi ^ \ \ V I) 3 

^LoSIaJI <_J_yaxSj 2a_ya^jl! Sjj_SaII aa I_^aI^JI 


las II 3 y JVy 11 

^ lac ^Ijl^. y a xs~\ \3 . lj_ jlH ^)_aVI 1 AA ^ 11^.1a_y jiJ 

aaLjlILsjlII 3 _ 0 a-yajlJI a \ yI s *_j UslLy S^-iitlLa <- <_xjA1A ^A 
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CjI_culoJJI ^ ,iA jj LJL ^ jAjj . LoLgj <1 >Jj_1ajJI CjI aulaJI 

CjI jJLJL^o £_o J-oaJI J . ^JU-ull I J-& Jjlo ^-Lc 

FlexSys GSj_Jl]| ^jaj VUl oWjll £-jIi!I <jl jjGJI ^*)Luj 
jI g-l-JL-VJ^U 4 _lLIa J_i-ouLc ^C-Lu-U ^GjJ ^ 

4-a 1 J'Vwiil Aj^-^^JloGjJ jjJ^fl f^l J^l (JA, AnI ^jJsj jJI c_j-1ajl1Ij 


Gjjj LoS . t_i^ An II 4 Vnil 4 jlLL 1JI GaGkJI <jl^c ^^A 

Gulfstream Aerospace j I jGJI ^ JGxcVl JG^jjGj-oLISjjIL 


Vjj ^iJlJ J£jJ| 6 jJJLJ-.o LjuLcUla^S ^_o Gjjja £yG <-ajLj GUI 

jjAjj GaG^lj <jI <4j^jj1!I CajI^ .Gj JulIajJI £j _o 

Go \t\is~Ts JJaj ^jl £-Ajlil ^j_o <jIa < JjAjJI dlil$-J_ a_uI ^A jJljS 

GU^jJ Lasjj .$.)j^JI ^a EjjLUJI <£j^. ^j-o ^cjGJI ^ aAH 

jX^.GJI g,x^^aJJ *kGc^M jJ_A-aJJ (jIa -^-ij-a^l g-l aA^II 

£ jL^JI aIc <_^sGIaJI oLcIjjJI j_a ol^UJI -Gj_yA 


4 \0 4*i \ GII /--Ijj-sWI J 'T" 1 \^ll 4 \ol-V II <~ll ^jll| \ olj— ^ a JIj 

^La-^aJJ GjlUajljI £c_la_ a_u I ^1 Jl~vj _uiL LjloA dill J^-l (j-°J 

^A (jljjGJI CjI jGl^l (^j— a*J ^jl jjlil (2h°s3 • CjIjAjJI 6J—A 

G_jG GH£jJ £_jljJI ^jl jjGJI Oj^jJ <£JJjJ_<_ULOj| JjLJ> 

.2014/7 ^-aiJI ^ 


w a$*=ajj u3i^ 

oG_ajIjjJI 4 JU ^jjLslIILj <<*' a! 11 4_Ll1aJI ol^JI^ 
^JLOu-^jJI ^A oGvj 1 <dj^.G Cj I J-» ^Aj-cIiI LlLlII 

^,lc <jJJ-G J_<1_ lsjljlLJI CjWI (j _a JJ_ <-<jlo ( jj_LI 

c>° <_ijlAAiUI <1 CjIjI j) II ^ Aj 

Jic < L^jA 4_jI J-C. qIjIj) II .^jloIslsJI JSLl^JI 

< nematodes ^LlFu-AJI Jl j annelids CjI—iAI^JI 

5ajjjl1I <Jjlc^I ^ji ca^- • I $ ^ I jA.j_o Ij| jj 3 l>^ 

a n 11 L^jJI ^JL-cuJ <jJljLC ^ jLoJ jA jH <CjLL=>J) I JjLO 

•u^-' A-tOjJLs Jj^ixldai I 

olLaj) \K^.^flj^jl J_>jJI JlLo Cj Ljj^. jJ I ^)IajaI ^£.jJ I 

6^Aj dlj Vu ^j| 1 ^ j^qj <j| Vl_ -<-^lj ^ .alaC J*\j A ^1 

_cajU Lo J^LL <_JL*_lI ^A dUj J__*Aj I^JjI A _cu^G-uj 

IjAnj^ lg_oL-a^1 t V\a^j . elastofluidics i^jUl JjIj-uJI 

^ 4aJjj ^ a>^ _ hydrostats oTi miJjJjjS) I_^1 

4jA »_L>JJ^JJ G Cj^GaAlC j <L-alil 4 \-v \_i_ajJI *_sG_WI 

Cj GjIGJs! 4 jj JllLII <j_aj!jjJI ‘ A a jj^JJ) Gj4 < A a |JjG_u 

GoiG^sJIj uAU^fl KjI <JjlLc GjjjJL^. Gjjjj SjLc 

. JjG-uJG *jLall c—JJI JlL^J I_AjjJj j^JIJ <4jlL^.I jJI C*\ aAc^G 

4-0jIaJs ol jl A Ao 4 sGlOJ Gj jj_L-\. 4 ^jI _tillll ^aGJ^I jJJJLJJ 

CREEPERS AND CRAWLERS (*) 



Lj A ^-taj ^\S ojjLjVI L5 -i£ GlasuIaJI hydrostats CjUuj J ldi 
.4 jjJ 4_uLlxj oVLaxuI ^Jl 4jL^jJI (^jJj jl jAdLAj jflHl 4.wJ LiLul 


<111 ^^a ^-jji jIaa-oj jjjjll ^ f JxaJG 

j-zals cil^J-AjjiJ 4j^jj_o^fl ^jIjjlLsJI CjI^j-aL Guj ^.jj^l j| 
^J\ o < Gj un cj I jl LGJI Jj^j 2)-° ul9^ ^ Ul 9 jl G j a he <j ljj 

I 4 J t 6j A^*> lUjAJ (jlj ‘ A A A A AII a U ^kj ~*S. 11 

^GcJI jGloj <dllj ^Jl GaLa^I . jjAjjJI 2h° ji^l 

^A cJj-^2a_o I <-jl_i£- <GGI_<_UJ Jj^ I <jU (JJ_*_il 

jGjjl J-a-ol^j tdlljJ 4 \Tij . Jj^jJI 4_dl 

.GcIWva^I ^1 Gj_(_aj j-a jj reliability 

JKaV.^I CjI J CjIjjIG-II G^Jl^.^ ^AjAtsJI jGjL^.VI ^jLju_o 


OlA' (^-^= 


l<LUJI 


-VI 


a.<-l 
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(a < jlI 11 \ LojlS Li I . 6_£2 _j Lfl \c. £"^_1jl1I^ JjlLJI 

<-2-15^3 ^ I j Jj_L i ^_oc cj I j <a*L 


Loll 6 J_a 3 L 2 
. L^J o L-u^LlII 1 ^_j^LlLo_> <ljLLa J 2 I ^ A 
<ja_dl 4jLa.ll!l £ja IjJ&La ^^_2 <<ij-tl ol>0 <^laj Ll 

6^ AVtC 1 1 ^ I JjL2 

LJLa 4-aJaJi_call e_ 2 j- 2 jJJ ( 

,A«—“ J^- 


uh -<J^ ^ jjj- 


ejLJI <3aJI (j_o <111 ^ _ 2 

icljkll subflaps 

■L \ *A 4 \ a < Aj ^_2 CjIjjILJI J^jSj ^j-a <111 ^-2 I _ ui^>1 6 Jl^cj 

<acll <lj_a ^c-Lceula 4.1a LL cJ^JI (Jl JjlLcuI Lai Lac ^Lai 1 

J jl jJI <111 ^_2 6j uif. ^rvl j_2 jj e_2j eu_2 <6 jjJljLcj 

jlfVnVl ^Jl jL J_1 . 1 J_> J_aJI jXJLal xAfll ^_2 ^.JirJl _call 

^(jakJI lj\ j| ^ ur L- J j^H lA^—^ jl <1—^ 

<adadfL (jOuLaaJI 4_2J c_jl_eul£l Jj^-OJ J <4-ijLaVI 

oUc^UI Ja-a I_a Lai Jali_cu L^lla ^c. v^^jLII LV\a t <4_Jj-tl 

^_2 Lg-Cl jll £OLOaa <1jIjl 1I Lida VI CjIj cl jlLUJI ^_2 <1 loll I 

. OJUjAH JjL^JCCoil 

J_a (JllL ^j| (jjj-U ^ i a- cal. 11 ^j^-aa ^dfl cWLJI J&j 

oLcILl 2 dlljj L5^ L> jdlLcoll ^Ija^ JwA£. j-dl 

. 4j^^L^_jlcu*VI ^Laoll j 4 \ \L1 I j <jJ^jlLI 6 j^-^-^lj CjIjLcuJI 
(^)A_a-a_t -all 4-ajla_tl &J_A JL-afl ^>J^VI ^J^-llLa <ljJ 

1 Ju JaJI oLddaJJ *J u lryl_eu*VI jlld ^Lullj .^jlcLccoJI 

^cJLaJ <aa 1 ^ \x ^_2 ui) icjlLall ^L^jJI <a.Lcaa Jl-a 

^ ch° -(JL>^^ ^a-c^lJI 

<1^ _cu <JL25^-aj_J 61 Jl I I _JU. l _V.^cjg _ 2 f Luicd <JS _ du 


J-L-vj ^-2 iO^LcdcsJI ^j-aLdll ^j_a ^iLJI JlI_coll .La iJ*> 

.<^jJiJI ^J-a cdLJ^I dLLcol 6 ladl 

Iflla \\l ~>j 4 \*\ n ll cu jjJjl^JI 4 \ aJo a 11 JSLl^JI 6j-a.j J JjlII 

CjLLcuJjJjlA ^j_cu Ci a a fl laj .^jl^aaJI jaJLc ^_2 

cJLlWI ^j_a I JJ£. Jadll ^Lojuu <<j^ 2 CjiLcaC CjIJ 1 
Lai .^ nllcuJ jlA j\ui\ ^L\a.L 4_cajo-aj_a 4 fl II 

^C_il_J Ijlj JjLaJL 2 <adLJ^L ^£j_ 2 ll j_a-jJI <Ha. 

. <a.Lccol! 4_ajJa£. 4 jl2| J 6^2 JjJ ^1 Ajl joaJJ 

L^-L~y|^-a-> <a.jlll JlI j_cuJI ^_2 llllaal Jlj^l V 

^jl 4jLiliaL J_ JLalu ^o-aLlsJI i> ^_L. LlILa^) L>^l 

soft robots ((3—a^lUI CjVL- culVI» *LuJ cjlj \j y <uLLoj 

<1jljJ I j jui fl I £_a IdlJ I I \\ a ^ ^lJ I Cj I jJL^aJ I ^j-a 

CjI 2 j vL>lll oJ^ 2 l (Jij ^- 3 cl) 1 — ^-jll (j-a-3 tdllj - ooj 

^-x-ajll ^jl -2 <(JHil Jjj> xu ^ L 2 . ^1 aAc.^1 

Cj*^Lx-aJiJI (_i' ^j£. ^ya-LJI ^l^jJI ^jIjLaijI ^jJI 

Lj L^_a. I _cu I jvfl \\.c\ i ( l^M^-aa ^ I J_ua IdlI 6^5 

cJJ^I 


c^! ^dkL ja^C.1 jJ 


. 4 jLa^jJ I <Ja ai I \» a a 


^j-a .4ljll jyjLaLcalJI ll^La-aj cdl au^IauV ^1 JalLcuVI 

4^jolJI ^J^l <(NSF) 4_ilL^JI j2kjl*JI <Jujccuj_a £_a ,_LLc (J^Ll. 

.^jjJI dill £_a ^ 2 1^11 CiLa^aju ju^LlL FlexSyS 

f-—U' CjI ju<i ICC. ^_a^fI ^^jJLJccuu c_2jou 

(jl Llj^J JjjUI ^ 4JLa. \ —ll 

<j2J-!I^ 1^aH_ 2 . <Jca ^)-2-a V ^a| ^ cul^ 3^^ L5^ ^1^1 

(j^L-cuJjL^_al! ^c_julLcu <4l_^ll l^^JI 6^L45LII^ <^|jhJI^ 


Jd^-4 4x^Lkua 

1993 ^.Lc ^_2 LaLiju ^1 <jccuLcu^fI olaa^fl jclLil o^-oll 

^_2 LL II Cjl _ culjjJI 4 JL ^J>a JuJJlJI lccLcu_a_J 

<Lc. jAXa t^l^JcduLa <Jl_aLy_s 4-C^ilall ^vL\II ^ \ a < j \1 -v a 
.<JL a^_lil jXJucA-alJ I gj^ \ I Leu 3 (£J^^ U~^ 4_cujl2j 

<lj_a jyjLaLcal ^J-C ^_cull I ^LLll ^j>a (J_a-*-IL 3^ ^ _illaJI 

Aj 4-j*^ 3 4_»_aLy ^_2 

_S-aLa.^ l/u_ca I_cu 


“ LLjj I ^_2 _ jljJI 4_*_aLyj LilLiJ_ 

i!_cu Ci l^oILa_a^ I—cuLJ ^LJI cjUiII jAjJI j. 


Cjl ^jVI ^j-° La Lai 1 Ju J_a. 4X. j>a^y a CiVlaJsl ^j-a Ju JjlJI ^_2 

1 ^Ul ^-ijlslj y ^ 2 ^ la IJjlI c_2 jjjj Lu^ij < l^_aI JaJccu^f 


- SjljlcuMI ^-alj-3 - 

Better Bent Than Broken. Steven Vogel in Discover ,; pages 62-67; May 1995. 


Scientific American, May 2014 


KLA-Tencorj ^l^__JaJI _i_u oLaj I ^jla. aj 4_ 

\ 4iL-aJ <FlexSys 4^ j— dJIj cjIjL col! jjji 4 ^j-A 3 

olj-i^JI ^jAa^ e_jjlll LaS .Intelj Raytheon CaA^ j_dJI 
(Jq-a £\ 34J) *<<1H 3^ 4dlL2JI (lyuccuJI ^J_a ^lc L&lljjla ^dJI 

llia^l JA 2 .FlexSyS <£ j— dJI ^_ 2 ^jJiijll ^_cujl^ 11 

. LJ>a ^^_dJI LS"^ <JLal^JI Jaa^jJI ^-aLa^fl ^Laj-ll 4caLcu-a jLLV 4 jc1.1jl 1I CjljllLaVI 

^_a 4_ijLa. oLdL 2 llilj «<J jrLllVI e-JLa (^j-a ll\^l\l^ 3 ^-AjJI 
<_aLcu_a^ L^_al jAlLcuV clH^Jid^^d CjI^LccuJI icllo-a Cjl^^ulu 

J^-cuJI IjJcajJI 4_a.Lcoll 6CA ^-Ao-al jdAj .^dlaJI ^Lajll 
L^JjLakU Lea f^Laj-IL ^ llall <6^)ljaJL L>° 

1J-O _ call i4ujaJI c_2juiaJI ^_2 _ da J-oa1 


COMPLIANCE IS APPRECIATED (* 
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‘^kuaA\ 'ddu 


^_2 J^k.1 3.0 I I J-Aj . 3^ ol* oil *k I Of- ^JJLU ^ J> "S. 1J ^yC 
Jjuuj 4 jcoL^. ^_a 3 (I Vill ^xlc 6jlluj|] <^J_0 JJlJ .N> Lo£ 

. [idllil CjLoJ- lxll3 jxlxlll Cjl L Of- 3S3I _UJJU3JI J^ullJ 

JaIIL Jjx J ^uLJI (jl (jio : J>aj 

3) dL tiijL^uVI 4_uj aAII j2^_JLc da-S-LalsI Ijj dl_ jI 

((. dll^jJCo ^_a ^ ^3 Llau 

4_<_uljjJI ^_La .3^LiuVlu cs^y^ o' ^3*-il (JjLlLI (jfi.£\s 

3>*Lxil 3^ <1133*3)3 LuLkL-alj ^_a ^-aLJI ^-l$llL 4 ala~iil 
3'-al*-o iilLuu I^jI£!j)) Vill ^_a 33^J^“L- 1J 

^-l^.«< j 3J3JI3 olkOUl LlJI 3>°iajj 33_u^j-j ^x^_a 

4uJ_*_a 3U3I J_o ^_2 Cj oj 4 ojI j jJI 3^J • <<-J-o3SJ JL ^ > Jj- 2 I- - ^. 

t-_ajAi-oJI ^ ol« o 3j)^^LJ' CJ^ IAa < jJlLL-U 3-° Vj J 

.JxlsJI ^_a ^jllll &I3I3-0-j 

3^xlu ^jJI ^Jj-ajJI jJlj uu jj 

l<3^- d- 3 '_UJ3L0-LI3 d-vv 11 ^3^3!! I djL^lVi II 4 _l 2 

^£j_ll <l^jjljJI_ uu .p> 63S3 Lt l-^j <3 A - a -^*-LI ^\l*.*i 3-° Lo^-o 

3^-» 33_<-L 3-A3 \V\^ \ > n 3j^ )} 2011 j*.lc ^_a a.Aj 

^^_>jjLll L^-cUslj f-Lu SjLcJ 3- 0 j^LLI cvVn *1 ^ 

. <_> IjlvI I j 6*1 ^J) isjjt-oj ol ^ A^ljjJI ^_a JjjJI ^LsUlIU ^Jl <j 
^jjjjI jIL a jjULil 3' j 3 * ^ j I < !L>^U->j 

.(JXuL^JlII 3_0 jJAj _<_uJlJ ulL Ijlila 3V A j \C- 

31 UJ j\Ull LJJjJj 31 <UJ-3^J 

Jj£3 .<JLSjJLil jSwjisJI ^_S 6 A <ill o'JJ)W\II J^.1 3 -c^Ij 

<jl 1UI jv v IjlA » ^ !L 3^ ^'*11 ^ ^ 1^.^ ^-olj^ 3-0 j \T\ 11 ^_a 

..AnC 6j-o_J (jxuJ ^j-t-iL^JI dj-S^JI 3c <aL^JLo (JJ-Aj 6jLo 
3^0JJ ((. Lolc 3VJUlj| JJ3 6j-0_i Jj ^XJLLL^h Cjlj)\An 

<-1lO-^ I ^ \ \ £j 3 \-oLlLI J£-L_uj 3' ^Ji cuL-n^fl 6 ^aAJI 6j^J 

J3aIj .^_aj) a^> L^JLkjV <10^.1' oj^ \ 11 

dutvi Lo 3t L-OlJ (—u 5 Cj 3' ^-*-2 d\<Q \ V)) :<uJ-03^JJLJ > 
dllAJ l^lj .^-i-uljjJI c_Li-oJI 

cuLa <<( LULkJI oli^JJI dll j a <j Lo 3*_Liu 

■ ((. (^J x^i a I J<: a v i \ dl I o > \ 

Fvcvc\\sY\ \_essons (^) 

- dJljl^AU j-o - 

Visual Environment, Attention Allocation, and Learning in Young Children: When 
Too Much of a Good Thing May Be Bad. Anna V. Fisher et al. in Psychological 
Science. Published online May 21,2014. 

Active Learning Increases Student Performance in Science, Engineering and 
Mathematics. Scott Freeman et al. in Proceedings of the National Academy of 
Sciences USA , Vol. Ill, No. 23, pages 8410-8415; June 10, 2014. 

Scientific American, August 2014 


j! j 3 ^°L*-LIj jdl^LJI ^ _l3u ^I^jl^. 30 ^ l )^- 2 < 3 ° ^Llo 

J^Ij (jnVill ^ 1^. SjLl cul] J s >Aj . L*_o J LI 

3 jJjlc l ^ j I^ <L<_ujJ-o 6 j-iJ-o j pi wALijJI <? \ a Ac I 

\ 11 Luiul I ^ \*S .o s 4_3julLuJI 3^1-31 3 | [JUla^Ll 

^iLUVI LlLsJI cj! _<-ul^)jJI ajMz dt-^u j . a A \ a"\ _coil 

Jli\ cjVL^-U 3 c du-^uJIj jx^JL^-o_> -UjujU ^ _ill 3 ^ 1 ^! ^j-Lc 

.L_al jL^IL-uVI 3-0 j-ij-LI 3 Lodi 

<JjU^O iilloi (di^uJI JjI _UJLO 3-0 ill_ UJLO (J^ 3lj I J_A 

ulltl l^ul^-o ^_a Id^. 6 j- 3 ^ ^j ^.1 4jtla-a 3 L 0 JV 


^jL3l 3^1 <^lj-du ^j] <3Jj_o .J> JL^aj jj_uaJI I3 a 
CjI \ aALjJIj A mS\Q llj iitajJlj ^.jlsJI j\ tla.A 6 jJLlL 3jj-aIlsJIj 
: [ LiJ j3Ll4 ^^.Ij-u 3 ^_a ^j-ll > ^d^ju-uj V 4 olA\o <(STEM) 
4aU"\ll 4 JJI 3 JI 3 _ 0 jiuLuJI ^Jl j 1A\11 3 I^-°^Lj 4u| 3 _L>| V)) 


^Lju-Ouo 4u| J_1 LoS i^v-^ijJI 3 _jlllll 3 4_ul£-oL 

j^xsJI ...dild$ ^ <jj-duJI ia j*l\ 3 I 3 alcl Vj 

^(J-oju (Jjfe .4 jJI iLnjlsu oL uii^l ^_a j \*n a"\ 11 luj^su JVI 

jaulxjJI 3 ^Ll^I Ljlj_uj ^_a 4ul jV\cl SL^^3 Lu2jI 3^0* J-Aj 
«.4_> ^juxjj 4 x.j3 LjuI t^ULola 4 jlju 
4_ul 3 3c iijLLo 4_«_uljJ Sjljlu <3u_lj_o> ioLuuo dJ-oLa 3aj 

ijJLx_a 31 _du IES j^ all 3 -° ^ 1 3 ~o_o cjI 3i uj 300 ^ l^uj-o 

^ 3 -Ls-II ^xLu 5 ^jaLI 4 _su 3 ^fl 3 ^Lu 

ilwiS-o 4 ji Oj '3 J 3 _Allo \ is~\ ^ la . iLa <_u 3 IL' ^jujldil 

^_a 4_tuj j-o 180 4_c 3 <ou LL JA 3 _3c 3^_3u il jjco 3 -^ 31 

oL^ul A-uj^jJI 3-0 ^ Jju_uj) 3 . 1133-11313 LuLaJ_COJU 

3-0 ^Jjjllll l^U JjLaj_UJJ ^lll 43 J 3 I 2 JI 31 _3u 4 jl 33 *-il ^ J-Ls-ll 

cjl cd^-LJI o\ < >- i 4 j- c> JLAfJ • j>AIj JIS—liVl 
— 43 LJI ^3 _LJJ 3 JI 3 - 0 - 0 -ua-o I ^ a a A ^ 3a ^ll' ^ Li_du^l 3 - 3 aj 

3 c aLluVI oil_til ^ 1 c 1 Ooc J-OJLJ — 31 J_1*21 63 ^ 3_lo 

CjLojlLslj ^1 4-^.L^u 4 \IUI 1 3 I 

3-0 ^ 3^1 13a J \03 .AjuLuJI 311 _du^fl 6 ^) 3 ! 

33-oLlII ^ A^a^ 3 . 6 j_id^JI 4 ji _cu^^l «_\lfCJI ^3 

^3 6 J 3 I 3 JI 4_aJHil 33 - 03 JI ^\x o 3L- 3 U 3 33 -tl ^_a 4_L 3 U 6 J -0 
.4jlslLl1LI 31^^13 ja-^_cu^fi 3 ^-° 1 -° 3 ^ 

dj^uJI 4 OoC 3 _° Lo^_o 1 ^ 3 ^- 3 ^ 0 “^)J Qa olall 3 * 3 I 

.i^cu^JI L_a 3 _a_A-^J) ^_a l^JLlj| 3 ^^ s I A -^ s ' 3 <a * m \ 

3 ^ La 3 J_t<i7sI ^iJI ^ 3 ^-i-ll 3 ^ ( 3 >°-^*-LI _Liu Lo I_Jlc 3 


3 A A ^ 3 ^ dill 3-0 Vj—i 33ks3 ^l^u I3 L^IaL^u ^du ^ —^3(^1 

3 ^ 13^113 ilj^l (_$Lc ^3A1 3I 3^31 a I JuJ l^. U.1^ \o 0I3IUJ 

43 jLuj 3-0 3 -^ 3 al J_sJ- 2 sJI 3I ^ \ll 3 a^ ^ 3 JI ujJu-oJI 33-tl 3 j J 

3^1 ^-a^ILLI ^_a ja.lc 4 ^ 3 J 1 33JL-ULU jaJ 3Gl^LJI 3I Lo^ .3 s 
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<i 4 ‘i (V 3 £j u<11 oLLuJI <L»Lol^. 

^ ^ Vh % ♦♦ % ♦♦ 

.cA-to^N-Q\\ \*v mis cAaVlAN A~sT\j->H cl^)cdA\ <0^1 <\ViA 


.“S” .A> 


^jJI <jl^jI^JI olillil o^Li^_ <-oj JjLa ^ ^ a^. s NSA 

aj^All oL*X>!l —a Laj^o —Lu (JS Ja-aJL I— 

J[_£^ £j 1 \ \ 11 ollLuJI £_JlO^L 


I Ju La ^jle^_cu^ M l*^v 1^-0 


»VI 


o5jl5VI I- £-IjLl5 ^jlj ^1 Jal-<_ujJI 

^aJj . 6 1 ol_ 1 V_ 9 .II £"^)Lk Lu^O fQ *}*> -^Vl 

£y& <Lsuc& j_o^j NSA <Jl^jJI o IJ_» d-L ^ 3 Cxaj ^jAa 1 

jIjjuJI Lfl^_a JjIjlj l^uiel_<_u ollLuJI 

. & J-^JlLI oLlVjU 

A*5I NSA <Jl£!jJI <a_callL jolaJl ^Ull 

o5l^ (g jJI <1513 j-A 6j_A iljl^JI ij-sj-^JI ^jii-aJI <_o 

J^il jll ^^a :<jl5|jLl^>J> oj^I oLaj-lxll jjJI ^le <-^a (jj^^ 

£-JLA^JLll Ij^J «_S_alJ-C dlljLA <j| J_U .<Jl£!jJlj <_i-«£ilij| <jloVI 


oLajlxll Sl^a o~v w^>l jAa . j^.1 j ^_a ollLuJJ jlSjll 

L*JI *L^l 1 Lu^a 5 j < n ilI <_<-^lAJI < \ A a v 111 

o lCj La llj NSA <Jl£!jJI J-ajlj (JJL^o ^l JjUuLo ^_a 

NSA <Jl£!jJI I_ lA_>I ollLuJI . 1 ^ ilc _LVI 

^jaJjIaII o^I . oL*jj _cull] ^ a A a oaj ^ I <j-a ^15^ I <_xA^»_c 

< uAcI (^3JI -CU .E> < 1 ^ \ 1 NSA <1_\\£jll tj/\ _sijIjJI 

I 4 J ^jSj ^jJI <_ij_<_aJI CjLjLljJI <Ja_ 

uVr>>I ^j_o <_>j cuJI oLalil L_aV1 Jjlo^j ^j_o <NSA <Jl^jJI 

— < - <J J lS3j-A j^J — A —3. 

.<iLa^aJl 

JL 2 JI ^j-A lr> W a xtnll dlj-L-uJl CjI^LjuJI 0-5 

U j5L^>JI <J^ J-axJ <J|JJJ-tA _«_aJI jl JJllJI pieJ-I jL^ 

{ ^j£. oliLuJI <_>J An <Jl^ j U ' cj^li A cLju-ssJI j 

ole^_a oL>l \ \11 dllj J^Jij^-5j _<—tj-J I J a 

^_alj-dul (jjJ J' c_alj-duVI J j 1 a \ l^ jle j <<_>j —<_u 

^j-o (jxuJ . dl— 1 J —<-u —lL ^ I ^j£. Lie^5 > alw \ j-o I 

I 3-A <^jJj)\ m> oULaal j uj ^j| <^j3l 




JLl 


0-5 IS < < LI all jj >.'hx II ^j_o ^_Le 

<ju_uL_uI <ajlUj l^J <3 jLa ij-5l j ( ^(NSA) ^_o^aJI 

Io^j La jje dLa . \\ aj_<_uJI jL^VI c U-alj-o :^_A 6j 

0 1 s*iX\ 11 olAae < cujljjJI 1^51 jj I o5j . j-j a AI jivaj 

. <jlLL 1 I 015IJ jimi N\ 11 cjI_>jU=>j <i_ajl^JI 

.jJlojLji_ ljj o J _<-Le ^jL^JI oLajOfc Jjlj dJJj J _ aXj 

6j_ juuHa <ij_ i!u NSA <Jl^jU ^jxULJjJI Jj _ *JI £C _ 

JZx\ \ ^JLsJI ^_a \^i .CAiaji—call ^^A-^La^VI 

1 ^ i-aO ^jau-a^-lll <juala ^jl Lo^ . ( jxi _t < 1 ^ 511 Lc.jj_ lLlc Laj_A 

j-cj .AJbJlr^JI <jlo^jJI ol^5 l3 ^1 JojljI OjJlSU O 


jVL iiualll illllJI c-ol ^-11 J jkil <_ilj_) 


.jju Lc ^le <jLal^ NSA <Jl^ jU < ^ vjall ol j J^l Oi3 
SjjQ. <jo^-Jl5 I^jlcu I NSA <Jl^9_ll pii!5 fdlllJ <_iL^Ju_al^ 
NSA <Jl^jJI j_o j, jl^>» .oL^LlII j-o^. :^_a 
i^yia ^_a a^jI ^je. oi5 Lojle <<jj5 A^ll .K> ^jLcoJI 
<Jl^^JI olo J_Aa . ^jiiaJI <_o^^ ^_II <l^.L^-j o _5La 

_ jluViAL _ 


Saving Big Data from Itself (*) 
the National Security Agency p) 


<ajjjoA (jj f (i \ 11 td j) 1 mil JotlLuJI o5l^ I_LLLJ 

" * ^ ^ J* * i 

ol_caxjjjll ^jZx \5 d^-lj -<ell-^lJ <-aj^L^JI ^y> (J-cl3l1 

SoLqjIslII dLL ^.1 jAIjjjI S^L_ij| did oLLJI (JjlLOj 

^le ^jujl> j .<a—(_uL_u^l ^jLlII jAat \\> PJjJI L-\\Na 1 

dJjJ^ (jl (^J-^^l Ai^jfAJI oUklilj ^^NSA) ^-ajlJI l^^l <-II^J 

t^ 4luailo oLLli jel^a ^_S Sj_LuI5-o Sjju^JI oLLuJI 

^j-a _ *Jl5jj .<Ja 5_<_a^ oLoLlJlo 1,^. lie Oj_ lLljj LlIaIsj 

<La5LIj 1I dLlj ^ < l^jLiu jl <ju-Ol1oJI oLLuJL JaljOa 

.jOdulll ^j£- oLajixil Jl5 qUIaC ^_a^a I 

<_i_uL_<_uJI <j| dljd5 (j| l aAjI Idle Ca»55j k ^-JL3jJI jo^lxJI 
4-SjJlI Oa^jJI J-u— ljjJLs . <jlsI^ (j-l <*lUI JjlIIaIIIj AojLLII 

(J_<-^I^JlIIj oLecxJI i_J3L1 J_A <.3t.^kLJI uOlII _cu^fl 

.Sj-u^JI oLLuJI (J-qLxjlII oLIj^.| ,^1 
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fA— 1 ' 6— 0 

NSA 4_Jt<A 

4jloj 5L^J1 djl_oikiilj 

djLLJI *LL»| 

( l^dl^a _3 dj_u^JI 

Cit_uui ^iJI <.skill 

<Cil_ jLuJI d J_cld 

j * \'i \ o L ]gLL* 

. 5_ kll^o encryption 


u 1 v 

a _aJicdl 

J£_^ol%JI 
oL^LJI :c U 


dVI 


^-3 A.^1) <dd^Jj <JlL*_3 djLLu dd£-ld ^-3 id 111 

oLaj-lxll I c.u'vjj . I j-2*. jJ-Aj I CataLu ddcLa 

^jA.^ 1 ^Jjd^l ( j£. J Vis J^-dA \q Ac. ^_alj_dl£flj (j£. 
l^J (j-o-o l djldLS (^1 jl NSA <1_ U^jJIj . cj Lo j-U-11 (j_o 

I (jOl^-3 ^lc dj jLa ^^nui diljj ^UU \^>.j idjdLs ^_jLu_u I 

iLl um ^^_3 •£-‘-<- , lj jjLLd LT^ _dudlll (jltsJl ioj^ (j-° 

. j.^. 1 j ^.jlA. ioj^j ^ 

£_a^dJI I j_A tlL-iad <jl1oC j\ _ 2»J>y iLjk _<_u I 

CjVL-ojVI JlcJsl £-juuA1\ . Cj LojLl! 1 c_VaJJ 

^ IJ ^ I d^jJ Vj . I^U^cuj ^jl dijddVI dal^j—dliJ 


jldLuJI 


<JJ L 


‘ ^ ■ 


^dl d Jj^.jll A _JLiJI 

Cj^I^ _cuJI dlld iSS^ ^ ^ L>° <NSA 4_!l£jJI 

. <cl ^ A 4 0 1 A 4 \ 0 M *N. 1 fV j» r 4 < 4 i 0^ i n 1^4 d L> 4 4^1 | 

NSA <Jl£jJI _!ad ^jl jj> ^jl ^_\x a^II ^j-c ^jj j2 

L>! ^IjJI - CjI-jLjJI l^di-etui ^ ^ - 1 -A lJL 

— dU Jj \ Vn I j I ^_jj_CuJ j J is~^ s I 

jJju j . L^jI j < -s. I ^ (Jl^ s c_Ji juuu dU J-i ^LlaII (jilj 

(. 4_>LaLsJi <_aK ^A9 ■ ^a I I d-A dl^d-i NSA <Jl^jJI ^ l 

jXjk-Sl (^dll (_gS\'\A .B .A> l^i^LijJI j^jsj 

_<_u1 id J_o ^_t^dlil 4 ku^aJl 

** ** 53 ^ 

ill£!^JI 1 ^Lsd ^IlJI CjN^ _titll j£ju^A L^JlS _dl 

^jA 1*^ a Vi [<q^> diLjLij_cuJ (2)-°] (J— 1 uulsJI ^L^.)) .NSA 

L^\JV1 ^Jl A^.L-y-3 ^ill^^l La^-i djl_cujLail ^j-c 

J^-dd d * a^ 11 qLc j)l>ll <1 jLa < dJljLA ddl^ ... Lo^jlC 


the M.l.T. Human Dynamics Laboratory (\) 
Social Physics (Y) 



- OJ>U - 

Mex “Sandy’ PervWarvdi 

^ l Ts t i '^-»ld\_t-u\-a (^ * V ^_i\liA\ A_i j dld\ A S*N 4 a\*\ 4 A\ J A VA^V s y V~> 

A 41/-^-^ t"A\ od\-id\^ b j 4 4n\\ Cid\_id\ Ci\jA-iA dj\ ^\VJ\A.T^ AL\ dA\ 

t^\(«Lic.l f-\ ijjdll» c^dsJ^\ A_i\^ j od .^LVslW iX\a~i\ c>\\ 

.Pen^u\n Pvess ot$^! jdd\\ j\j^ q& 2.0A4IA mA\ 


.d^CJI f UJI Jodi 

^ iLs did I Jj^A. oLsJlLljJI d!j t S*i\\ d)^l _ JlTVJ 

. 5_ji _txiLu-oJIj NSA ill^^JJ djl _ jLulII 

<JlJlI 1!I J < t K ^ 11 4_J_jlj)^. 11 (J \ \ A A j2k.l_ OJlA) _A_U jaJj 

<Jlqj5L^J1 CjI _t— <j 1 w nil iaAS Cj_<_»jljJj .NSA ill^jJl <\ _ lljl^J 


1 A A \ 1 d^-lj i^Lcd^Lc ^jlC. £j V <11 djldLuJI ^.Id^di_<_ulj ^ 4\-y. 1 

dJj^AjJI ^Jl CjI _<-uLu_aJI dild p. \ \ icl \ x^-a A _JlLo£. 


^_o 4 juo^5v~^J1 Cj L<-Uij Lai I 4 3 \\ \ \ a 11 1 _dlu 

<<-Uji <_uj <_>La.I d^jd ^La.ijlddJI L^_> jjkid ^dJI icj_(_uJI 

[\x 4 Ad ^jl iju-uL-u^fl ^jLull ^J-C A 1 \\a icj)^ 

■j- rj-. ,a 1 i tA 


1 

(jd&JI <La S S yixj 


ic^_a dj-il dd^jJI (J^a. 1 dKA^ <jjd_m^ll> 

SjjlU ^1 LcAlj - Lflo^ (ji—Ul A £V o—its 

^j-O ild La dJ I ^j-ljAdd . L^JLC ^j ^ I ^4. Ij ^-1^- -Li ^ 

<4_j t <i~s. <1 A A 1 | ^jxuJ J-^.1 J d)^° L5 -2 djLojla.ll 

^jiMiiil^^-11 (j- 0 ^du-allLi 6 jjLl^JI J-& Lad)j 

^Jl 4 ju_ojJIjj .A Jjuj d^. Ac. ^yj _ca^lil ^j^al xVi^fl j 

jJi^l A .^ Aj^ iold^Jl diLuj_i_adJl idLCcl £C_Ju-<ad 4djLo j^\^ 1 1 

ujl^djV <jdl^-cJ d^-jd <-dLa tjlj^^fl <Ji_cajJL Lcl . 

. < 1 * ■ ^J » ^ 1 1 ell 1 < ‘ « 1 <1 O j 4 I i i A J 4f\ 1 **4 1^ 1 ^44 1 


c^i < 6 J s> i — c<j> 

I 2 >jdj -0 ‘ **< ^ 1 ^ I 4 _ 


1 ^ 4AjX. ^dJI d^U.1 x^aVl j_»_dud 

a A' Cj '—jl 
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2 

LujJ oLsljjdl JLujj| d_» 


^j-co jj x^tl NSA dJl^jJI ^jJ jjIjLljlL! (JjL^JI dJIjl <jl 

. JjLcj-lxlL C jsJlc d t is~ij 11 ^jl c a A J^fl 6 

Jjjj_UJLill ^JlC CjLcJ-L* *_il ( j J (J^ ^LlLclC d->Lc^. JjJj 

<6dA 4 _jLo^JI JjI _<_uj Jlo -vil_ !j <3^^_a-olAI 

(JS tlJI I j_Aj .jJJj_> J^. I ^lLu (j\ (Jj J 0 JjljLuJI _1^.1 


xV» jJLlA (jl^)> < LuLij .(( iLsk I j_Aj . J^lj ^_a 

jit I j_^ Sjjl^ cjL^.iL<-^ <jJ| jiuJac i j_^.Ij 

I J_A j-a^l LX^-* o’ Jjl_cjl*_ll 

^Jc (J-oju ^idl Sjj_ <JulX)^ jjL>LJI jcI^j ^jl .((1 1 A *i 

i 4 4^ t l « 4 1 1 ^ \ l l L A 4 ^J 9 4 d 0 1 4 *N- A / 4 4 4 i « l^ p *N- d aL» 4 ) 

a d_>Lc_aJI l a A a) jJ^J Lcjj j A^a I 


^j-o 6jLaJu-uiU dJjL^-c ^La . J^jLaJI L>° *Luj^jlLT^ 1 J^Lo^Jl 

0^ (Sy-* Z LT^ JjLcjlail 

JJ LcI ^-JL^kJ . Lfllo^U jjl jLuJI SjcLj <j-C I J-Zk. Jj J ^-C 


jjljLuJLa :jjIjLuJ1 




JJ 5-4 JI 


-\ \ \ 




<jlS £_JjjJ ^sJlc ^_S ^-aLk. j_^Ja ^ 5 -^ *—>J-Us^ 5_>Lo^JI _ lL| {ja 

. <JLJ jjJL\]^f I I jJa Lk-o j <JLJI IjrJ I £j$ XJLA 

<<J LQJ^TW g- Ij-cu << \x.^ A A V 1 11 CjLjLoJI ^J_2aJLJ_UJ ( 2h° (J^ 

4jljlc^I dcl^LlI ^1 ^Jujg < jl <-«-xju_oj_o j J 

iaAS CjI^LlA! ^^.jLkJI JjLuJI jXJLJ ^jl ^JUlUJ .d_i_cuLu^fl 

t —1 U->U (J 1 t—'IdVJJ . <JjLo_c <jlLo I jjljLs-oj ^jJI CjL>LjJI jxlaj 

<j^JI olliLul c j-o dJ ujlL-u CjIjLjuJL d x^Lk < \ lx\C (J^ 

^jl ^JlJUlJJ . I _ ^jL^.J(J oliLuJI jJ _ <- 0-0 d_Sj-»_o 1 \'\\ a s O i-^J 

djL^JuJajll) CjLoj)JjlI1 (J l!J 5_>LijJ ol ujuujji.) £-xA 

^jjl1| L^jlS jxll ^ _ill djLjjlsJI jlji: ^ lc- ^_ lSJjlIIj 

.JLl^VI CjLlLoC ^1 xtr^ ^Lal-^fI ol^UaJ d-idlj_o 
j-o-xluj 45 LiujI ^jxjuja Lc jJfe 6 JjL'^Jl ^jLalll J^.1 

j ^ A. \ C 4 ^jJI W 4j 1 < >^,*4 11 ^_iLlj cjij_cxjL^. d*\ \ xVi d c ? 411 ol^juJu 

^jLi jLL| ( 2 ) ax A CjLjLuJI ^j-c p J^-1 _i— xjlL 1 

^Jl d_i callLi <J J-cljuJI jj)JA^..a Lc j <J _ c<jUi Lo 

6 d^J dll^ljl £\j\$ (J^- t—xsl^*-11 JJ_j — CjLjLljJI &JJb 

jjlC ^^jjLi J_ k < I x < n dJsLaL^J,) j .£t ijLi-ojJl 

^jlSJjj d ^ 1^ a J< a 4 < 1 4\j, \ 1 . aJ jej^Lualll d_i uJjaJJ ^_j__iL!s 

Ls jJLlA ^1 ^jlaxAl ^J 1 dJ^jJI CjL^-s_ uj 

.cjLjLuJI ^>1 jAJL-uLs d_t^lAJI 

1^_jLj <AiJI cjl^ \ XVi (j-c <La_(_ul jJI Cdljl J x^)Vl JJjoj I JJJ 

J S> 1 < n Cjl*^ \ a nil 6 jjfc xTil J .?\J x_u J- 2 *. ^ lc. <julLc j <JLc1 

<ju 3-JlIaJI 4jJUI S i^L nMJI j S i^I< nil O^Luaj^l 3 \xa^ 

10 000 Ifo.Klxm ^III (r) (SWIFT) ((Ciiij^u)) ^jLuslM 

6 j jll cilj (JlLa iX jlJI oLa jl»-ll jl oLo jl*-ll (JJj (^*-1! mst^data Ha ^ (^) 

L ' a L A J '_'"dll £jc. qLo jla_o ^-Ic. ^jILdi L? lll <_ol_sJI CjI '"d 11 q ,~'l qIU 4 

• CjLojU U ya U J1AJ 

trust network (r) 

the Society for Worldwide Interbank Financial Telecommunication (r) 


(JiU J ( JA (j£ X Hal I (J^j-xjU fj\ ^ djLCL^Jsl 

.uj^LjjIj ^.LlLII <Lcjju_xjJjiJ 

d 4 I a^ CjLaLJI ^ Sj^J d 4 1 Af dC.1_ i_xjJ ^j| \ i d 4*\ 

2_JULi ^JA ij\a\ L^_j| _J <_iL^.VI ^J-C^J S<_iJjAJI d_Lx^aj) x^a^k 11 

Jia . j in 01 £ja 1 ^ \\* xnaj CjtaLuJI jel^J (JLx-xaj^fl -LcLojI 
6jLc ^ d jlLclC Jlul^ ^1 ^-cxj .CjLaLJl (JjlL^j d \laC djd 

^)Jlc-c (JLt-OJ 1 -Llaj I 4 ] < Lc d_uL x-Ol^.V (_ j 1_x pl^^i. 1 ^ | 4 JLc 

-LljIjjJJ d*\ \ xVi (j-oLkJI 1^_3LJJ^J — L^_J 

J^j ^1 t^-JLal^jLlI .CjIjLlJI jel^J (jr\A (JL-ujVI cjl \laCj 

metadata ( ^3-i41^JI oljLuJI J4-i^.u^^jJl CjLj^IxU 

icLsJI LLuVI hl\ j-c ^ l^-cl jAJL-ul xabout metadata 


. LfrI w^>j) x^>^k ^ JaLajL-^^f 1 ^_c CJ^fLt^aJ^U 
JLx-xajVI Ja Lcj I Lcjle :djjlil,l 6 j-A jLaeVI jxLLll 

(^Jl ^ 11 Lc^) d.\ \j~^ Lc d^d.xVi ^_a jjl^l J^l x jL^c . s 

d-Uj-c dajUJl CjLlLcJlII JaLcjl ^jl _ a x^^jLslII Jj^-II 

(gjft *'k JJ LlLcJlI 1 ^j)l^kC (jlj laic d£!j-djJI jit 

Ja^.V jJ xjllll (J \ \ X XI ^ U a . Lj-k^c J^ 1 - 1 (JjL-ujJI 

^]/_aJa^-cJJ d \^k x^all JJ^l ^k xnll -la.a_^k (Jjj_Axi\ 11 

dlJj ^j-c ^^j-S-jaJa jJlC JJC ^j-1c ^^.LLc _ ujj J^!)UaVI ^ djlj 

d)l^-l <djJLLI _ ojJI ,_Ca5Lc JjlJ _c d-t^alAJI jj^L^ _ojJI 

d K \ A d)j-^ <1.^21J dJjjlaJLij .dlJjJ IjJi cajj uJI tlJ ^j| djl^-cL 

£ 

dyC d4^4,A Lcj_Lx_c jJ ujl) 6^)-U^-l 1 JJ Ls LuJ 1 JJ l \1 aC 

Jjl^j_ti^ cJ^Hi d\*\ a a d_jL£jJl d \laC ^JjL^kJ d 4cl A 11 cjLiLJl 

d-uj-ll JJ 1 _i-xju-xj j) a 11 ^J\ a s j . ( 4 J 6 dcJ 1 _c y" JjVl_< 1 

fjAl\ jjLjLuJI 6JJfe ^jaJL-xjo I <d_alx^ll <d_laji_coil 

jjLc j)lall (J_Jj ^_c j .NSA d !l£!jJl d_uLij <\\i) d Lda 

dJl^jJj (J* Jj ^j| \ \ \\ c \ ^d 4cl^v 11 ol^LuJl d 4 ^ 4 < AjTII 

. j^. 1 i^k xVi ) ^_c d_L*_aj Lc NSA 
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op|lj^.1 jx 


d4^i,Ay t ll oLaj^LxJk) JjJj 
jl LY^ai <\iilAJI otiudi J^ 
4.1*41 La NSA ^JlSjJI J*Al1 


lJJjJlAJ ^jl LuJI AjU-OJlIIj ijLOJ& I Lo_>jJ 6jJL2*.VI 6 s ^1tlAJI 

< j^3 V 4llj <oVjL<-alJI 2 _jla ^‘ 3^ 4-»l^VI dill At V LjljLj 
411 i/LLJI a_o!*i Lo (JSj .a_ 1 IL 3 oLjL^.1 <j-oVI £._slj 

AjLilAjJI J^L^ll ^A CiljJLjJLJ 3j^.l 3"° J-i V <A11 aJl!I jjJll £_0 
3La fLoLoj jjjr» ^-clSjJI j_<-o jJI IdAj . LjujJ 

. A« nil JjJIaIJI jl ijJLJI <_f_uLu_aJI ^ 1c .UaA jLolcVl 1 \V\ o \ 

6j-iJ^JI jl^A^I j-ol_cal ^j| I,uvi dllj 3 ^ Lc3_£C.j 

.£C_L1slJ V Loj 1 lS\ t Lo 5 _SjJl1 jJsljJI 

Cil^j_ lLj 33^j-llj ^£j^.VI (JjdJI A _cujLoj ^jJI JsJli-oJI 


Ijlal ^jJAjh (J^lAjVI d nil ^.La JjlaIL i_3 a<i 1 AIIajlII 

cjJLLlJ j .NSA <Jl^jJI *» 3 I ^ ill ilaljll ^1c jjjlLII j 

— NSA ill^jJI CiLILa oLojlsJJ j_cal (3^^ AIIajlII Cl^j-cu 

_ujlo ^a — <jl-41aJI cjIiLuJI a \~^\is~> jlJI oLo j\*1\ JjJj 

i_s I 3 JI ( jxlL^-c y& I 2014/5 xnll ^aj .aajJI 1jL* 2_<_ul ^Jl L^jui 

^jA J_id*JI 31 £-° ‘^-J^Jj-oVI 6 J^JlLI CjI_»VjJI ^A ijJLJI 33^ 

9 - 

All VI ( 1 a \X 4 A I J_<ft ^ JjJO.7jL0 * ^Lu-£2lJ II llcj 

4jls 1 a a t<l I ^.„vL>j < A aAII ollLuJI j^JL Ijjj _<_u 

3jjUJI I j-A jIja^iI V <3-^l^)-ll O-S^JI .<jlLojl!I ^.a 

^.^j) \ A Vi 11 (jnl^. a <Aal JA (^y&j 

^1 3 I VI .JC^ -iiJI <bl_ 2 J 4 VI ^ CjII 6 J_Aj 

d^.VI ijj is \a CiL^.V-4-^l (_^j—<_u 33 ^ (j -1 3 ^^ ^ ^-a-aJlj 

^ 1c, tjfrj ULij <j_oju_<jlo ^_a ijlllJLa . iJ^VI iLjla CjV^ xtil 

• Jj)^ 11 Ij-A eJ^lj-i 3' ^tjLOjfC-^JI CilAaxJI ^_a jlSuVI Jj_3LO 

3 I 3 ^“°f 4 aaA 1 j T\V 1 jjjalll 3 U ^L-allail —aj 

^Ij^.Lj 3 d d ^ s 1 —jjL^jJI 31 

?. IajV I j jt_L-ou» Lo iajjJs 1 ^ a \ j 3 l-lA> ^ 1c cj IjLAVI 

■ .^C_L-OlJ V Lo-C ^j-sSlL^JJI^ <Jl1c, 

the Massachusetts Institute of Technology (\) 

- SjIJ 1 <-uUJ - 

Personal Data: The Emergence of a New Asset Class. World Economic Forum, January 2011. 

www.weforum.org/reports/personal-data-emergence-new-asset-class 
Social Physics: How Good Ideas Spread-The Lessons from a New Science. Alex 
Pentland. Penguin Press, 2014. 


Lljll -dlj-°VI d^j^A' I cjLoIIjlcj c_aj i.s ~\o 

L$-S I I 3 ^ < - UJ ^ ^41 CjAj j ljj A^Ji Jo! I 

6 j)l~i a n mui 3 ^- d ^ 0 j .^ 1 \^ 1 c. j-^. 

ll_A 3 V» :cjL^.I <3 j1Lcu ,W> ^J-tl d^^ 3 I d^ <c-fljLt^il 

((CA J-LJU )) Aij <3 ja.jjJlj .((dlj-^VI <Jl 3 3Hil J-A 

L_aV1 d-^^3 ^Jlj j| <dlj-°VI <jl 3 j_^.jj (^4JI ,j3jil SWIFT 

4-oial I l. xsi uj j . A*\ \ a^II 6 J-A J-* CjI^)V jjJI 3-° 

4 a a 1 1 4 \ ^ 3 I Jl oLcjixll d^^ ^uiljilj ^-IVI 3 ^jill 

3 ^ 6 JA AaiJI <n \ A Vi I ^kll jaJ <<^33311 <jJj3-cuil J 1^.1 J 

^Jl dl j-^VI dj- 4 -^j Aaj d^- 1 Loll j <c_j t a j) A^>IH 

. d_jJI < 1 ^ 3 , 1 4_^Jl 

l^lUj _ 3l!l 4 a15Lq j 1jax_o 4_ill) _3 oin ja! 

CjLoklil djLilo ^_a 4 ju_oj^JI ijja { aOni ^3^ d*Aa^ o\ xs ~>I 
3^jJI JaL_u ja j . jl^VI djd-3 ^_a 3^J I jk a^>VI 

/^(M.I.T.) All all I ^ul_ cuj-JjjL-uLo j^jlo ^_a ^jlo d^*- 1 

^ cA Jnstitute for Data Driven Design ^ »11 ^_o 5^1 j-3JL 
<^3^11 A \±s^\ _3JI ollLuJI 33 ^ 0 ) openPDS ^_o_ <_uj ^Ull 


^Ijj 3 ° ^ 3 ^^'3 .dli^l_calL ( j-£^Ll. ^3-^1 13^3-°^^_lal 3d 

Ax. jj3o icj o ^_o UjLl^L UU. ^ 3 I 3 *^ iijL^-o^jJI ^2 A 

iLd^aJ <Ajlo3^333 AjlcI \ ±s*i II aV 1 11 llin^-uj 3- 0 

jj JAoj Q i iS\ \ 3tirvJ OAj jjuj A*\ \ a Vi (^3_ UJL0 ^I^LuJI 3-°l 

jljiVIJ ^ il^-ll 4—LQjfL^JI CjI uju-ojII J AjjI ^-lH CjI^j ulll 

oiU^uJI cdJj ^.a Loj — 3 - 0 I d^iu a_<_uL<_<jl^JI oLo 3 *II d^dl 

CjL>VjJI ^dV j IjX. CjLoj53v Cj IJ_i JAJ . AjJLLI j A a^>1I 

oLoj3 d^l 3 -^ a i-OLX^alll I j 3 \\al Aj^L c u53j-oVI lj_^JLlI 

jl3111 £_oj .3j_<_u j_ 2 >. 4jl^.jLiJIj AjlL ^.1 jJI ollLuJI J \ 1 ^1 

dsi AjlLoc j^r j.< s~S\ i <* <^_<_ul^ 3 lkl C '3UI on^ 3 ^ 1 j31 1 <»l 

3-o d^_ <-«j-> Lo-o fLlL-oi d^i cj! _cou-ujllj jIja^ 3-» ol_iLuJI 

^ a^vI d^JI AloVI^ icjjl^ olllull 3 3^ ,; l' ^1 JAjlLoC 

.l^ulJI ollLJI ^1 j33ujI l^-Lcul 3° oL clou 3d jI^aVI 


Scientific American, August 2014 
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«L >jgti <>Li fcUsiSI I 

■-'SV<.v.a\\ d <WaV\ oj^aa uujuuj i-\Si ^iS\ ?A_iiSajiA j£-a_i 

5aIua\ oU.UsiA'is ;> a^A AA3d\ ^ 0^ o' 

<<_£^±<Jj F .Ph> _ <£^1 jj.xuio> 



dUj (JjJ(JU ill IJLa> jjiu o^LcI 4 -L^-o g-lj-ai 4 11II9 Caj^SJI 4J9J jj‘iS^^bj-gSil jLlUI ^LLaJijl UjJl> jloJ 

.4_i3j1£ jLj| fjJLsJI ^jl JlL (_><a-3LJ (_^a «U CijlS c5 jJI tSjilaJt OJL*JI IJLfc l JjLo cL^jvI^o ^^2 5jial ^ILU 4 a “< ll^Jj CjUISLa^I (JI^s» CaLaj-latjl j-jj-ali (jj f\.gj,.u. : \ 







dldxol • LlIUslJ ^J| L^Jloj IjoaUJoai LcaJji ^j-o tslUl JdJ 
| LI ^ Lia-flj^f I £j)l b Jdd dJ 1 ( > j-g Ji££■ I 

. Sdklll cjL^f jJI ^_s 50 000 ^j-o 

^L^JI jLlLII ^IUajI <£-LcjVI ^ _II d-sL-kj 

I—O 1 ** > I 4 I f. JIlH 1 Q ^ p < < 1 A 4 < . 4 *N. d 4 \ 1 I 4 0 1 ^ 4 1 ! i I ^ I I 

^Jl JjJ^jJI djLLo-^-O ^yA <dlLJ| Jdj ^.UsljJ J-o£ ^'^Lt-^l jik jiJ 

is> jItu-%. (j-a I dd-C p Lju ^yA d-> Vj . d \ \ 11 <Ljl£.jaII djl Ul/JJ 

SdLj <__caJ ^-olllil i—iliJl Sljb-o jik ^-!L*-II JkukJI 

<JLJVI 6^-^.^fl dUd^J 1 a<)1j.2>J1j J^JI i 3 \ \\\ <JLo^.| 

,j\utll d_LlJLll dkd^JI 

d_3 UaJ I dkj—2u | VI ^j-o Ik bu j ^jkJJ 

*L>^kJI ^Lj . ms j\7^ \ ^JlII ji . ii a o 3 . c-lkd j) .Vs 1 

<dlld-lj .^oklil <jjj-3.ll <j-o CjLjulSji _call ^_ll L^-A-jjLj dja_* 


Llkj I £_JlLl1 


.uj .‘^gJJj-kl (J-o£. ^j£. I jJoJd dd ^1 ^ a-AjLI I I J)3 I 


SjbJI ji.LWI ^a Lojj 2003/8 j^ x7>ll ^a j aViC £-j)jJI jlk 
lj is~iC. 5jljIjl 1I J-S-S j^-!j . ^^k-Jj-o^fl c-> jJl!I Ja t-u j ^_3 SdllaJJ 

<^-3 ^JlaJI ^_ibj^kJI Jo^.11 kjk^ j_o dd£- dllkJ J_ lLs_> 

^lUkl ^£dl f<jJL*JI jl xVi^I (JS^AA) Jjl-Aj I JLo_2<J 

Jjlo ^jl jllxil ^_o j .<LalalLI dl—t ^L^UI jUlJI 

\ \ I ^_S ^IjjVI 6^ ^ ^ I (j^^Llal ^ II ( al^Li a^*21 IJ-A 

^,lc ^J^-OjL^JI J-O ^jjIjlIIL)J <<JlS ^jjJ-oLsJI ^^Li (ilUL^ < ^ LiJ>l 

oljl_i— ulo (JjJjlj ^-Lc JaxJL <6j(jL^-LI Jkliil ^S ^11 

d \ 1 . 1 1 d oU 4 aII 1 \ \ 1 0 4 d 4 4 1 4^ ^ ^ I 1 d 0 1 L» 1 1 

4_U^_<_uL^JI ^-cI^JlII (JIslSlJ Cj^J 

Lo>o .‘£^^.^1 6 J-A Jiki; jiJ i^l J^VI I < aX^AI I 

jjij-Lol-sJI Loi .4IA Anil dl \*\ s 1c 2 a j '-L^-LI Ca^*_lxlLI 


J LjUlXJl 

<jljIjLo ^j>o <1 _ \\ tT\ ^aJI ^j-u _ J 11 LlAA ^jl _ S 

<Aj^)ii_i <w .i \m\ (jl jl ^ ^-4l^L^^J) djljl^Li aAVI 

< \^ 13 \s dJ^L^—<2 jlH (J^aJ <J| 

(JL-O^I ^ Icj d^LJL^Ju_<JLOJ <IALjlLo <3lkl| \ aVi ^j_ 0 d_Lidj 
(J ^iJI oLaj4xll ^jl_J <di!j ^Jl <_sL-A| <_kij 

<Luu-A jil ji_A ^.311 olLi^k o (J^la_ JjlLI ^1 

j\^ \lc. jja^ll _o Ja \ Lo-o £. < uIj 30 I Oc. 

dJLzi.'lAilll djljl^Li A^VI 4 _LsjJ <jlsI^JI d-Cj A nIL 5_»L^Ju_uVI 
^"^La-s^VI djulj 4 j^J d^ \ a Vi i I d-1 .c-JjlII dl xV< 

_Jjj 6jLcl ^-Lc. 6jjLij djLo LjulL I d^l il^la. t 1 d ^ jjILoj 

\I d ^ ^ IC. 6^jLd ( dj ( j)^4 w <i id_»jlLJ| _ lalLI J^-l 1 ^ a <i d 

jj ^6 ^ ±j£ d^-^dJ d>l £:LLidj *21 


^yA bj \ \^4 diLjLG^ d_^J^-1^3-*- 


2 pdJI 




kVI 


Lo_o ,‘A^LdA ^I dJLjl=Li djLjLi^-5dI <3lkll JkLi 1 0 

oIkii 1^1 —<_olUj pL j^-kJI ^slj-o ^j-Lc djIjVjjJI 

6 J-A Jjlo & LjllI d_ojM!J d \ 1 0 ^ 4 11 cij'X'Xj) | j_A .^jLaJI (J \a aalLII 

djLidcJI ^^kj^aJI dv ^&ja ddj <d_i^dJI d^ji_<2 jJI 


^JlC JLlO^I d)l ko dll AS diU.1 LAJLO ^1 d-U Lj II ddi-UJI 

6d^Hl diL>V^jl l 3 > d, JLoduj _ lalLoj ^_»I_Aj| 

^d I Lo>o !dildJ (jA^ ja£. \ a A s I jiJfe l^l^ dkd < I d _ ^-d 

d^l u^> d->lA^all ddlV\IL dliJL^Jsl ddi-UJI (J a^. 33 ^jl ^Jl 

. (J \A *Vn 11 dloVI jXJLdll ^yA oL J4^\ 2)-° 

dll jn\ utilities J-° ^j-^VI dlj Lo-oj 

wU-U- LAX I 4_^UoJI (j-o ^ dlkJI jddJI djJI jju ji.j dJ djkj ji I 

_ LAjaklall ^aJUJ. 1 ( j_ o ^_Aj <reactive power 

d^kUj .dlJ—cu ^1 Jilk jLlJI jJd3 ^1 <c ^L^kJlj 
djl^)l a nil ji-Cd-l d \lfcUll d_alLJI jd^-o j^jMJI ^d-dJI ^dl^j ji.da. I 

t> jnL> 1 1 /**41 (>^ 04 ! \ 0 0 ( d-jLjL j I d aim UiU^d 6j—-lajLl) 

dUdJ d_=akljJ .j^J^II da_j 4:05 d-cL-Jl ^JlaJI Jo11 djld 
^_2 ujl^lsu-kl ^Jl (^dl I_ 0-0 fd-jJ^jLlI djLL^o ^d^.1 di_lloal 

.djlk^II j Ja^lst^JI (j-o d-ij-U JI A^d\l ji-J < jiUkJI jljdl 


• L^lj^ L^- 

( ^V,\V\I| 4JLXUJ dbjl 

J_s ^LlLII ^LUlAjIj I dd^-o Jldl ji.Uk j> <LS*i 1 dkl 


ddd ^kLcJ 2h° cJU -3 dId-i-oI (_£-b d_IjdJLlI dj)^ ^ II 

PREVENTING BLACKOUTS (*) 
OVERWHELMED BY PROGRESS (**) 

<io.U-Q <Jk A d_^5 (do <1 \If.Ld 1 j cA ](_3t_S j \C. _ja) did ( * A \) ^_a dlj ()) 

. 4 \a 1 a l^a ^ 1 <J i.Aij -v" 

(jj^dlJI) .ojkl (^jdiLaJI cdjJI :real time (Y) 


^lc ^jda_Jail 6jdd ^-o _<_uI dd_s^Li_s djld^.^1 dJIJJ ddj 

bj-aC J-La ^JlII djLsIj-U 6^-^i.I dJa_(_ul^_J Jdld^.^1 6d-A 

j\l^a o d-uljj^A II dkju-aJI dldlol (^-b 6jkt3\l I j d^d£. 6dd 

^-lc. ji-^JJdd ^J-O ^jJULi | djl d-"V^l dul$ Lck fdjJLo_ laJI Iki^ol 

^L^kll jl—kJI jJaikl ^Jildd ^jJjLoJ Jlil—2i. ji—kklll 

^jkdlk-OJ djkij-O I djl_J ^LoS ^_S _ (Jl) ^j^JlLo 50 

dk Lj ^ A11 ddUiJJ ^ Uk4jl | dUd (jl^J -J/> kdiS 

. djJ l A JULX 11 tkj^-O | 

dul£ ^jjJilkd . lj_<-Lj-o Lokl 2003 jilc djjl£ dul^ dks 

dkioil {ja _i ^jjjl ^ _kll ^LLilj^f dJjLo-o didlj_dll_1 a 

dlU-A 2003/9 xTill j . LJILljIj jjj-uJIj dljkljJlj 6dklil 

djIdkajJI oJJ _UJL> (J-° (jAjJLLiJ^fl (j-o UjjlLo 57 J--VJ 
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. juu p c QJfl ^ <Jj J_lLI Jj)^ ^ 11 j\U jju-ulli] 

jLkiVI J Jlo) 4^_jI JLu CjLjulA jaJL*JI J^.ju J 

. (plu^kll Jlu ^unnl 

Lou ix-kjJ»_o 6 J^kl 1 djKVjJI 4 ^j _Ju Cuut^ 1j| I jli 

>_a 1 \ a ii^l ,_v.^.La S2003 ^.Lc j) '1 ^1 % *!^L1 4uLq5L11 4uls 

^ ^ a-°^e ^ 

^_S ^l_3Lu_uV ^~* 3 a it \ 1 ^l-Su^^M >, xi a u_Lfl .JaJI ^.LKu 

^j-uLo-^Jl ^.J_Cj ^ x.<kLll jj^JI j_o djtl \X \ _<_uJI 

t qj KlujuJuI l j^vll I <4uj^uJl 4.BLKJJ 

. 6p UUI j\ a n^3 t—S Jfl * ^jju-uJl ^LlulS LlL Ls Lou_ul 1I ^_l| 

< <-C 11 11 £C_<_U ^UUJLU ^£j| jAul j-G ciilj £-JLI Loj 

pju (J|u_Sj . * llSk^JI <> jL£ I ^JUU Lj l 3^)JLU ^Lt-s^ jJ jJfcj 

<^_ukLtl jj^JI djK 4u Jxa. 6j(j) J.. SjLc3 

" ** j 

^lg_il £_u_o^. ^l^>^-L> <43qK\.o (JS j\ka o ^1_ j 

k>uuf^ j_Jj£ cj! K^>. o 4kLKJl juJ^u :4 uJllJI dj^LuJI 

4 A=Ali\ Kjku^. <K_<_ul^_i <=u^ ja1\ cjUsl^Js) ^ II Ifr-Ujj 

j^ujK <jC -(-till ^_Lc l X jj^u dll J ^-luj <4—uJLsJI 

^ukLLo j_o Ju JJl!I LJ L^. Ju^jUj . Jj 3 1 4. tK 1*4 dJ I J K^K.~v 

^1 6J-L3LJ CJ La i-<-U-0 ^-lc ^jA*\ 1^.3 A ill l^-JJ) >MI iiLLaJI 

• 5SJj)J-o.r> ^lc Jaj -U(^-o iju^i 

o-^—f ^ 

( aj^ <JaUaII ^jlajlIslJlIJI _Jl^ Nkll <jl^JJ 1 _tliJLJ 

J) A^»^-Q ^c-JLi-^1 . <_ cjjlsIjlII (J_>3^3 

^)_!lC 1^9 iataULC CjLcJ^k. IK xLk. <^IKJ1 Jaj 

4 3 \"\ \. a _<-L tioKjLXi 

.K } A\\ i Lllo 

^1 iiLLJI JjJ< _ujL^. ^j-o /)jj au —coil lJJ 

^J_2 ^JlLs Lc J . ^LoKjUUi <»—JLi-ll SJ < LJU. J JJJLJ 

<JJ^J iiLLJI Jaj ^.1 Kj jjlx-Ouc QJ ^J£. ^jjj-OJui coil 

^_S CjJI^Lc 2_)ij ( jjL1I (JL^-c j\ \K u < LlLoC.| iaAS Lljj.^. ^iaxo 

iilKJI Jaj <jl^.^j ^1 £-&J ^UjVI 6ulA L^_L^.I j_o 

Jj3 ^j-2s 11I (j^JI CjLIjl*_<_oj Jjua <jl_2 ^ aALU ^_3 J_i 

dll jJ <L^JUlJJ .6JJL3LJ CjI^L-O-C ^\C <2lKJl I O LlO^ 

6wlC Jjlo La^Ljlj jXJ (J Aj K jK^ ^jlC 6^) XJ^ (J pi A-LolC ^ j3 

^ 1 _cuiU ejJLiJI oLj^11 j_o <K j^Lc 

.^11 jlkUl 

OVERVIEW / SMART GRID (*) 
the North American Electric Reliability Corporation (^) 

restructuring (Y) 


^jU ^-S ^LIjI 4jlJ Lj ^ *\ 11 5ilLJi 

._j_ lxiIjlL J^-kJLs . 6^)1^)-^. A\ \ ift ^_lc. is jJLs ^xILs Lfl \r> 


(J-oJLJ ^Lj^11 <(Jj)^^.ll jLlJI <_ojlS ( 

J^ II ) A \U>\%\\ ^_S^_s dilj lJ^jljj ^LuJI ^_lr. 

p Ijljlj ^il 6J-A Cj^)-cu _i_ul II 

6pL^5vj <jljI <j2ILJI (Jju-^^jJ ^lc I 4 ^KK CjI Jj (Jl>^' 
.^j-sj la ill ^jA^N 1^^_x_u_ll ^Jl J_I CjLLl^-o ^ 




jl 1 ^ 1 <jJL»JI 4 \U\%W ol J Ja^KAJI 6J-A £t-Q_ i-cljj 

1 ^ \ r> JX. 1—dil JjkJ < l^l^_ _du 4 jl^L 1 I pL j^<1 I 

C£i (S 3 2^ OJ^ —kVI 

.dJi4ju_u.ll o1 all1^ 

l^_JLC <A\\X a jLU-k 1 ^Jl (^Jj3 CjLULlIjVI 6JJ^ Jjus J 

oLcIUaII Jl oLcLUaII d^.l ^IKksXI ^_jj_<_uJI jLluIjVI 
(JLouujJI (1965 ja.lc pLjul j jjkll ^IUajVI 
jjJXmG ^Ijll <4jkjj-o^f| 6dklil CjLiVjJI _djJI 

f 0) (NERC) <LuL j$SJ\ A _ i£4 -JLa-uJI Ikj \ja) 4julA 


/4-JLol^| Sjls u 


dilj < jljLslu pluj^kll * s-LKaJI t^j^sjJI (j-a ^j3 x -^ 

JajLsku ^Ixju LojlS 4, a it Vs JjaIL duykau j I 4^Lck| ^ I jkJI ^sJ 
idlljJ 4.^. ilTsj .(jAkl^Ju_ulI ^Jl JjJ^jJI qIK^...p 42LUJ1 

Lfl ^ ^ Lo^s f4_» _<_oil ^a I *LLa^_a 4k>_JuJI "< ^ ^ ^ | 

J 1^5 <6J-cuj I JdC. Ojl^ pLij^kll o lx- IK A sV 4-<-kj£- 

Juju 6 J^Jl 1I olu^fjll 4 uj»\xji 4ujL-^2iJlsI SjL-uk dJj 

. jVjJ jijfE 70 

4^.1^. dlli^-S fJijJI K^K.-%. c jui JJ£> ^ul^j 

jLat xtiuii^l ,^-Kj K xnV\s 1,^ in Vs ^d^J 4^1x7) 

l^Jjc jl K-=s.^L^L luuljJu ^LUI 4 jlK_II p^llxUL j^-ll 

4uJluull olclKVs^l OjJ—£-i-au IjAj < l^,x\^^>. jljj—> jl ^JjlS 
. p luj^klI O lx. 1 i~> Q * 1 > < t < <«t ^ \ 1 j 4J 11~» 11 

<LiXjj 4i=L^_a JllJl KjKrs. j a Kk Jujjj j^s J s 

Sj^u^.Lu (Jjl* uLulII j^ljus (ju j^j_a dllJ^j duJju 4—a 

.o'^K-ks'^l Sj^u^.|j kiuJjJl oluXkUl 


^-aljuj 4 uu^j_uL^. Sj^-^.1 ^J1 idllj^ <(Juil_dalJl j^l^u jluuksj 
4u^jJl 4, < \ixnll ^,^11 ju (JjJuToJlII ^Jx j_ajlUl jkuu 6 JJ^w.U 
JJ^KIL jLLaJu^l |J_» La 1 jj 4ujJu 4 JujKu dl_Ijj lull 4li_Lull 

Lf^i Lf^ S^-i J ] S Jl9—^ 

.4Xj^_uu u_Sj_uauJl 4 jlSu^ 4jjULl (J_tkal t^uujju 
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Ijl a-V;, ,.Nfl <LUjj ^jLiJsl 3 



ja \ Jilll isi^lvk Jo(J oAIHj 



C.UKJ1 SjUj ^Jl <Lu-ollb £-oJjlili JaUI 4ju-u 

%20 

^ djbjJI 

< awi i 

^L^JI ^k, 
(2009-1999) 


%7 

^ djbjJI 

4jLuj 

JAdl 

(2009 -1999) 


CaLcLK^Vl jl jxi joljj :4 -^.lmJI 
Sjj-oJIj jjjUI 5jooSJI 


150-1 


OkUaliVI 
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. 


0 Cijil Ol£Ua£j| 
50 000 ^ 


-1-1- 

1996-2000 2001-2005 


SjLoJJ li—mt'ij Uu<i JiLao deregulation jlj_<_uVI gum ^iljJJ 3 -Kuft £jl_fcl Jl 

Ja dJ^Ij ^j—J j 4aJ^jjd |jiaj^ .(^A^—uil\ ^\-aO\ ^ p-L»j^SJI ^L-KajI 

iS SJ l^Au< 1 I^J ji 3JUaJI <i5Li—<Jj ^ 4_iLi t 4nt n 4 _aK1o ^_2 J1 aitVI 

^aWl\ olJAAl (-UKJI 


.4jUhJI 4-o^JAio ^ a<^ ;ii ^Jl ol jj] SjIxI 



£jj^j J£j 4iUaJI JJlI^j 





LxJLa. AisLadI JSLjlA 



J jlula ^Hus jJ j-3 


J3G <^-4 | JjujL 


(::o:c, 4^jxxJI ^Jl <Loj 

<_o JALc 6 jLJ Sj_$-^.Lj <Ia_i Cj 

^ 1 J)-a ^ ^ AtcAl Jya ^)LlLJI ^J \AJ 

^_lc aAuj <£.j_ coj oLaj-lxll £_a-Aj ^_WI 

jt-al^jJI ^_2 <jl)J^JI CjIj^IslLII JjI_2 <JAiJI J) a < i ~s. 1 j . L^j-uL-u) 

iLL*£]l <^ji _dJI JjJuJjlLI A>jILII 5 jljj_ojLJI 

5 jlM <£.j_cuU ^jL)j_CU CjIjLc^ jjuJuJJ <^_)LujLO 

. Ja_sJL 6 j^I^jLo < jjJ^jJI cjILu^-c 
LI ttn o ^.LLlJ (J \\ xVn 6jtcl 4 jlLoC tdilj o j 


THE PROBLEM: TOO MANY PLAYERS, TOO LITTLE INVESTMENT (*) 

A NEED FOR SPEED (**) 


Cr?—A* ^ C->^* ^fcjj—ui 

^jLa ijllll i*-<_u SjLj <JU. -s Lj^Jj .jLoaj -<_uVI 

(j-a ^jl .ojJ_ 2 JL j-oj_<_oj eJij_ ljj iLL j4<A\ cj Lc1 

cj Ia11 <(J_olfUL iilLJI <^ji_Jj j \^ ojLcI 

jL xtiunl ic^-<_u ^_a ^_<_uL_u 1 I 4 J .2^111 jjJL-JI 

6 jJU^ <JU. CL)J J- 2 ^ JLoI^l jl 6 j \S A^-ill ul^. I J jullS 

JAU<M . j/>C- jl^>L ^j_o Cx^Ju-^l uii 

<^_LJuJu 4 C IjL t Lfl lie J_ojlXj 4 JU 0 45L_Jill 

I J A < 1L 0-2jJ I ^khs ^ ^_2 jJlLlJ Jl\ I 4_uj^J I 6^J LLJI (J-oJLJ 

jA. I A n \ ll All I ^-JlLula-ajlJ (Luu^wJ <4_1aji _<_AJLC 4 r\kM 

. ^ jlo ^J| <^LJI JjlC 6jK \ A i 1 11 
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! r^)Lus !^I 4_ul j <LiSj 3S nu :JoJI 


j-a 41 i dli (i ^Jl djlt ^jju duadl I JIaS L6 j L5 .V-UAJl cu jus 4-»j£.j 4ioalfc jl Juab 
.1 >LaLi...,U ^ pbJ-Ualib 1.11 mi Vi JJ is>jK.UI JUaC.1 4uuA l5 —b Jl—xi^l JJJj 

Ijuuj.Ja < ^3 juu LaS < Ifr^-i^oVi j4K i fit, I JJxj ^j3j jl 4aSj 44 i < til j-J'bi.i j-S-lj 

J$1 ^3 4 i~\ i^uAi obija.1 dlSLauu ^VbCdl jS jo ^ ^LaVI ^1 4u jjJI o ijj-ula. ^LiL» p|j^Vl 
. 4 £oJjJI jIjuaI l5 J£ ^VJI o-xtxil jo. ^Jl ol aaIxj Joijuj < 4 ujIu >. 4 iAi ju 



dJj jju 4_bb 0.04 

ju MS jaSobJI ojj-ulo. juUj .LI JabJI ^ Jbc ^1 L6 j L5 <jUaaJI SjL-ua. jl 

. MiLa ^loj ^biJI JJAi B2 jLlUI £Jsl3 jSJj <Jbjdl JjxJ ^uAJb B2 j B1 jLlUI £_blj3 

4_ub 0.1 

jyiaaJI ^ CaMSu-baJJ biu G2 jJjil J33 ooli JuaJI 4 ih» i I LljLLLj G1 jJjJJ ^jluo 
jjJLII j-it 1 4o.L_uJsl 4 <Ulall Jjlo ^Jl lum Lout ^jLuj G1 jJjil j .LI j L5 

.(4_bLUI ^ 4_ijuj) Ijjjifc 60 ojlbXI 

4jjL 0.4 

dJjj <£u3Li (jl B3 jLlUI £isl3 (^1 A 4 _lC. jiJI 4iaoJ.I ^ ^aiLabJIj SlSLaJU ujJj-uLa. oiiiaA 
Mtoli B3 jLlUI £_b13 jdai-b . l^ui j_uS jLu jJjX biu jjubdl ju 4u£jAJI 4JaoJ.I 4 uLaaJ 
.(JAIj*"i 11 4XjL_u_i _ul ji_> G1 jJjXI jUlL-uuj .L2 JabJI dJ j-i 

JjjLj 0.5 

.isijiil 4xjL_o o ii (i i d jjurCi jjj 4JjijoJJ G1 4-1 jil Jodu ^SabJI jSju jj3_j 


9-uld 9-iSj 45uU-U 

0 £ 

tRi* 4' 6 Jj_Loj (JjloTa^ VI 4 \T\1I 

.^L^Cll Jilll Jl=^ Jj>^ jl (r) Ci-Liili ^LUI utility 

4jJVI 4ulsIj-U jya I J-i<5o _ ljjlI <ju| 6^)1 j| uHaoj 


JjJjjlII CjUoo^o ^_lAa a 4 . I jJljl^ Lijoo 

jslioj <IsLi_ul^J <JLJLaljo jXJU (JaIII 

OliLuJI ^ in Vij ^^TdJ ^ilj—til 

jxLUJI Ij ^ . 0) (SCADA) 

jU—JoxJ Lr l^ csS^i cs^ —^ 

^_Sullaj Cj^ _o 4 -Uji _<_oJ dil_o^olaj 

^k\ \ 11J d-> Lj LjlJlJ 1 ^I^Jb 4-SJ4LO. 

jisj Cj dil n ^_S 

(jjjJjo.^i.1 JaI*_JjloJJ ^“Lo-oJI dllj^j 

^LUL 4_i_ ojUljjJI 11 di liaooo 

jl j LjlL!I ^Jald ^oLa Jlc <4 _Ll»o JLa^lj 
^ouLdi.1 SC AD A ^Ikill oidl^uj .4 ale. 

6jJuo I jya ^ IJ—o. Ij di VjoJs I j 

4_CjI 4\SVi4\ ^_oL lJj_3LJ 

I ,Ajlj 4-L\4 

remote terminal Sj— jjuJI ^Jl j— bVI 

JjJ^jJI di Uao-o ^ a 4-Cj) xAjllj units 

iajlao- diLsiaLalij 4_i£.jdJI di I_laoJJj 

J|-ojjL Jill I 

jy_L*_JlLI ^1 di) jIJjVI jl diL^lxll 

.diVloauVI di I jla jjc 

40 j-o .jj SCADA ^UllJI J^jUj 

^^iaJ 4 jlc Ij4u^ I^J^" (jJ_ 3 <dula Laic. 

Vj joaLaJI diCj-al JoLsljJI ^_a 

^_a 4oal£ 4 ^.jJ_j ^lallJl j| j(jLojju-u^fL> 

4ul .4£u_oJI jl Hal Cil_J'J^-I'I 

(j-U Jilll ^j -a Jj _tn nil 11 ^c,a .uit 

ijlxloj 4ujJaJ 4 jlLx*JI 6J-A jjli <J_sljll 

^-le. jxli I ^ ^ Jljl_ aj 4-2k.j jJ 

j/Jl_ <-xl 1I jA-» 4 1 Q il A s oLil^ (^jjj!_ 01 1 

<^"'1 1 A'j-° ls^ —“41 

4_al_oa| -(_^jlj_ta-ll ^1_441 l-^iJi_^Xj 

dil d~vjj 4 ^o^a 1I <LUJI 4 iak\ll dil_VUl ^ jjLa <dUj 

4_oaLaJI dil a is~>\ j_tl A _ojjI Jjl 3 6jJjlaJ ^o 6 J ill oaljJa^fl 

^ interoperability ^—IlJI J \% < <Vi 11 le. 6jj alL 

La LJlc. ijjLUll Jiljll diljJj <4jLC.lloaJI diUal_oilll 

jl j_li_uiL Jil j- 11 o^)HiJ .<idljHa jJl£- jool^j J-oJLJ_ ojU 


:j1 ^stabilize (r) 


THE SOLUTION: A SMART GRID THAT HEALS ITSELF (*) _ * 

THE SELF-HEALING SMART GRID (**) J-ili oulS ^1 ^SaJLll <LaHj| ^Idao cub JLoo 

>( ^_oalll (jj-S-ll dilolo ^_a 


supervisory control and data acquisition (^) 
programmable logic controlers (Y) 
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jiao jUUI | O 

5jOXll plAul O 

^j\4o jLdl Jc 

^SLadJI <_j ,_pi 


C 3 \CL ji 2 U ^ A 


jl jj| 3JL=k 
JIsJLO 



-xtiKl 1 ^1 SjjjUI 


MoOkO 




4xoLo 60 

i L4 K-^Jl j£J Ul r\ ^ K L7 j L4 j L3 Isj^K-^JI Qa i Aj 


CjI jl jUI jL^jI 

o.6 

L3 K-^JI Ll^. j^cu j la k (i jl £ B 4_lxjAJI au^. 11 ASLadi) oJujU jl 

4iLL»l Lt-iuu jSJj t ^jLb jjjLaJ G1 jJjXI JKad colbJI J-lIIU 
i j-xi£ ^Luoo jMxl dLl j jo Vx> jjXo^ idol ^Vi 1 <LxLoXI eo-x-u| j 1 jli 
j_J^Lll jo jiK'JI ^ox j>o JJi_» o-lJ^VI IxAj .jJ-iS JSoJjj eolbJI (jdsido Loo 
^1 oLiiuJjlcuXI j £jl jj-illl 5jLol Jxo 3-Ajf.i^JI ^LgJJ I jo. £joJI <eoJLbJI j 

. Ldlo51 jao jl uxi 


jjjJa jx jiSodJl jS jo < j^jjCldl jj>la.i.at ( l JxolLij . Jouoo Loo jiSu 

^j .5oxLaJJ juJLb 2 a^LoXI j£jo jUxcuLLo <4 ia‘uoll jlo^VI 
dokjd jjoiji-a LolS <L8 JaoJI j-iX 4il_b JL_ujLa 2 <LxLoil jjJJudXI 
jx ijAojaxLI MoJi aiLLJI i_jLn.gj| jiiVil ^x^xLbi a<^‘; 11 . .<,,,! 

L5 jojha 1,1 jdadJI ^Mt^aLo jjiaJI JLax ^^_Li LLL^j . j^xLai.1 j^xodJl 
.4ojdJI ^Jj G1 xdI aiaooj LI ladJI ^LxjLo uxuljoJI ^ jAj <L6 j 
.^jo-iLaJI coLi m -iVI ^Jj oMxll oLxl u i U 4^UoJI j^oto IxSLA^ 


10 

axbiLii ji b a_ix jAji aK-gi u^uib. < 4<Jlvl^ ji ^ 5jx x*_»j «dJj ^oj 

lo JiLSoJI ^jx jV <<1o ^jou-ui>l joVI OijlioJI 4_xbooo cj j_ijxllo Ca1x» dlxA 
Lt-s^x^ .L7 ^ L4 ^ L3 is^KSJI ^g-lx 5j^xVI c-jliaxLi JX^o Loo ‘\ j-aaS Jlj 
Oiuil Q^. ^J^LO (doojiJI 4 oj_l1XjJI aoLxltoVI) is^LaoJI djiSj 3*^1 0 s - 
jo jjJ'lJI j\ la (to 11 ^«^iMI 4oxao ^^Jl G2 xljXI ^^>0 j \ \x"\ 1 a.<iK'd,l 
jjjixxo ij <JolsJI J-xIslI jl j-J^ 3JI 5jL»jo 1 a^xLoXI jSjo ^ 

.j^ijLadJI jo li^a 1 


O.xryj cUj^ . LJLx. j-i£- I J-AJ i 

^Aojiso < l ^ \*N ^ jl JjlcI ^-1^- ^Lj^J c_jx _«-ul 

^ Lxj_jLlL_u*^ I j\c iilLaJI ^ J j ^_ JjlAo 3 ) ^ < 5 jol 3 Jx 


. ^LUlAj*^ 1 ^Jjlo 


.^UVill p.3) o t h^s.^ ^jjo aij_<Jill lui_o 

L^JlS Loo i6J-C CjVI_^-S <joJ xxJI Cj _ L-^aJAS 

3jkjlsLiJ ^JUu-oJI _IIJ <JlUlTS.^IJI A \\ \^llojJ| <_olaj^l 


C/OJ tluJI 3A^*_txttl 3/0 Jjlolil (J-oIajJI 3 ^ IjJ 

i j ^_2i. IJ CoVI_(020^ I o l5o COJ <OXJ l_ul_2x_ll < oUo^/1J 

3) I o.x.^>o ^ Ij <C-)lo IojlI I ^i ^ ^^IJI L*_JjJu_uV I 

Co UtlTsJ. I J JjJ^jJ I Co ^ (Jxx I J 3 ) 1^-0 (JS La j-duO ^ 

1 XA \| Aole. jloJi£.VI a \ (^jJI JjJlj-ojLII u .1 1 ]r\"\ \j .<Jl£.j3JI 

JaxI Jlc (JjJLO Coljj j/-^ L^ol Co I j Co^fl_ lOXO^LI Co^LtOiJ 

<00 juuu Lx. ^LoIslO I I <3 Lox I f-La IajlI I 6 J_A jA- 1 LojlS Co Lo LuJ I 



































iJI J^bdl 


^g-1 jVI LaS < j-»iyUL» 2003 IS_j j^al 

4jjLrJJ uM i< >m 4 .(^4 i ,^\ ^.£4 A__xa cA'j_^.\) oj—^JJ 

ju CuLS ^glLa ij^<J| jLV\.cMJ 4-iJl n inll LSJj^al ^jS. Sjj) <oHI 

Sjs.\ —i_clo (jjJjLi-j I^_il5 ^jJI 4 _lj ijiJI ^bLitl jLlitVI ^-AS-aJLa 

4^Jlj jlS (^jJI <43UaJI ulj i«iM (jjl^3 *1 j^.1 iS l£. p ^ 

.3jKu^JI ^gJI 



4_x£j_ll 4S i Jill 3jj£ ju£l J—aljULa ^-1^1,1 1 j—u 1 <v.nc 

uiIji. ^ <jj-aJ < fill II inuU <3jhj mil CtV> Ldl 4^LL»j ^g-Lfc 

<d_lj J^lxJj . J-X-iJI 3 jj 4 I I u lm ^-K4 li ^bLDJ * 

^-oljji^ 4 <La— Jill C JX. 4-LalS C»La j 4-aJUJI jlJ^a ^gis, Qbjhn ^g-1) 
.jua ujJ jjj 14 It u 4j_^5jjiua 4->l Viutl CjIpI 4_4ul^ILa iLu^t-uLi. 

^gi All ^LK4JV) IJ-i LajJi. Sj&iLa O \\£ OLilKUl &JA £—juya,^ 


-X ■' " ; /*£ 

It 



.(j\juja\\ ^a) ^Lbaj^l llA 4_LJj ((^a-x\\ ^g&) 2003 jxlc ^LK<L>I 4_bJ ^g^-ij^VI ^jJill Jl-^uJjJI jfl HTi <(J2 I jj-uJI) 4_xjl1«oJI jLaSVI-i 


I (j-o 4 ^J-4ji <_uj .4 jlWI 4_iL^Ji_cuVIj 4^1 jil 

jLlJI^ 4 \Ulo 11^ < uLCal _ la^JI 4_lsI^-oj ^L*_lxiju_uVI 


t \\\ui <cjLcuLla1I & j_a JLojlju-uLj .4_sj)\^U cjljj5Lll <JU.j 
. L5 Jlll 4-lLiJI ^gJI Jj-t-^jil jl j-aIL_uLs 4 juiVi .U \ Jj-o ^Ualll 
fjSj ^1 j_»}Ls -j-sjiJI jl i_i_^ji!l jjs ^liJI t_sj—fllj 

A S 4_LojL^-0 _<-JJLC £j£. jaSuUJlA _tJJLi (ilv "S. \ 1 L> ^UVllI 

jJl£- L 5 _(Jj)^ ^ <^>^1 CjI _c_jJi_CUJ (jl 

^ \ \V\ s ejju_ul^_^J1 +>. jV\ j-^JI 4^jJ ^g_2 


1 ^ ^ ^ dilj J 3LJJ . 4 V\^ll 1 ^ \ Ijuj c-a Ij-U 1 CjI o^Lc 


<jJLs_S 4 jl^.Ij _c L^JLij_2xJij 4 \^w. CjUIj^.1 J_ 

(jA-l*_till CiLLiJi_cuVI 

x^ualil J \ 4 u ^_S ^lj_cuVI dUj JJLj (jja, Jal _ cuj 

^ \ 11 djLxal^i JjJjlJI ^2 )-^ 6^14 \ A 1 


THE HUMAN FACTOR (*) 
the Electric Power Research Institute (^ 
•utility Ji>> :£(Y) 


4_clc ^Jl tpL^o^ jJ( 4_t_ujlAj game theory ObjbXI 

£-o t 4 ^ \11 1 ^ ^ ^ \ 4_iSj_o 4-olaj I 4 -l.4jlS (Jj^. 

I J_A ^gJ| 4_i_ <_u(Jjlaj oLu-^LjJI CjLulAj ^ JAij .6jJJllil 

.oK w?ill - juLtiS 1^ 1 oljJl ^g CuIjJI 

Ljlo J_2k.lj| Jj 4_C \q \4 Loa . iclju-oJI ^g_S (J-oxJI .4 

( ^(EPRI) 4^UbJI 6Lul j(j * Lo jjlc 

i a kK'X 11 4_Lil J 4j5xj-o 4 aIVO . Lij^j-LJbCa ^jl! I^JLxa 

^IUlj ^ lcj . \ \ < \ 11 4 vr> 1 1 4^f 1 4llkJI Cj Jl! 

6jjJuJI 4_1$3 ol J—^J J —Cola JjJjlJI 

_ <-u ±x kaj Lulj 1^ \\ £\ \ 4_4-LlJ Cj!_ 

6jLcl A \ jl (^gjJUUil JjL-t-VjL^ 4jl^.lj-0 ^gJI V 4l2LJ _ LJJLi 

J \4Yi ^gJI 4_2 x.Lcx. dlll-A J .(Jil_Jill 4ht a i 1 1 J-* Jjlj ^j£~ 

.^_t_ujl (jUsb tiUJ 

1_A j£\£\ Jjl^a jjl ^g_A 4j^j 4*\ \t'a f -ijuJ 4^jjJa J a^4|j 

^ 1c. EjJjLII j_A l_^I 6 j_A ^AIJ .4 jJj I c_il J_AI 4 \ \ \*s 








































JJJIJJI Jl ^LalLal 3 iWi_<_u_» ^_o_aj jl J-3L.1 

J—'jGI pUl£l dilj£j 

53l_La_11 <jlo^J J a A a 1 ^_i JAjlj p L ^<A\ Jal jl ^t_o_»_u_i )3 Aj 

(j-\-L^_i_u_ll 3 ^ -A\\l1 *_ j 1_urn ^jlII 4 vlcLLll iilkJI j 

frljj^ll (3- S ^' I“X-3 lJ| jJJj ^C.AAil \ i-JJj . <^JuJa Jl Jl 

J 

3«4 3 ^ o t Lo-o ? 6 j ** i^aJl <JlLJsI CJ Ld^Ja-x-i^f I ^Lat x nl x i«1—> 

f^sLajG 3 I 1 ^ V\oj ^^2-11 cj^I^— iilil 3 ^ j>^}^ jl jj| ^.jj£3 

^-QuuulSjuljj . ^.LoVI jlauJl 6l5a3 _t ii^t. t dljS^ 

j. xjlxI Loj <_uj ^_2>^ La^jJt ^-11 jjG ^jL» g- Lj^-11 I Ga 

A>$-^^l J j * Ard 3 o x ATi ^jAl 5x1—«-u 3-0 

3~4 t 513^.3 I_OJJ ^3-11 S^jjJI ^)-LC CjI Sjl ^ a CJ^VIj 

^jJ( cjlUJI ^ S CjI 3^-11 3-° J-L^ I-4-0 L>^ LT^i f*J—f 


<£LLa-ll 5_J^ 3 f • Sj£3 




X, 


^j£, Lojjlat .ol I ^C -CU <-iJL l ‘ J I J-*-l ^ ' 

C^l^ll e-J^L^G £_o LiLil^ LjIaJ l 
^_ll JUi:3U Slji ^a 5_d^jJI^ -jL*_^_a o 


jl x A 3 3^ < ^ JL - 


^I< 1 -v /\ jcJisu-OuC 6jjAll £> JA ^Jc 5xl_JLi-oJI 3 1 '-LGJ . X-i (Jill 

.°yuvi ^l^dJ^uj^u 

31 JLLx^Ll 3 ^ Ijl—a . J 3 —*-ll j-& Jj-ILlII c_aj—gJIj 


4J3JUL0 ((j 3^» ^1 13 >33 x * 1 L^-Lol^» <^jl. 


tU o, 


• U v 3' 

4 < ^sl II 3^ 3^- !, J- < - tJ, s 3 JJlS^JlII CjUsl^-O A. £ jlx.Lt 

dilj (^Jj^ 31 Jl-OJL ^.1 31 . L^jLcLLj-(_al jiL 

<6^JL*_i-^ CjLcIUlAjI ^jL-\. j I <xLaJ3JI ^_a CjljJL3LJ ^_l| 

oLcLUlAjI i_y \ 


J^^ 3I 3^-°f 

(_ujl1 63a ^Jl 


3 -a j_>j-~~v j^ c, ^Jl ^Lj^II J t a^> 3 ^ <j»_L_u ^j^-oj jjlj L^ 

^\ 9 -iJI J-t-^L^. LI <jl_tijLA <3liaJJ 6 JJJLJla ol_oj3. 

.oVLi-i^Il3Ll a \ \ ^-aLljjJI 3 j) < m II 
■ A nil I ^Jj-AJ A ju^x "\I EPRI J^ >11 3 jj_uula 3 I 

CjlS 1 < <1 SjjLu <_iic 3 _ILu (^311 ^jj_ t -^l 13 a <<_^‘Jl 

6 jI3ll ^ £ 6 Jj 33 ^ j £ < (Y) 3 ^jXI 4—kLcliLLll 4 aJ3iVI 

jj_ t-u 3 ^ < 3 ^-° 3 u -^“Lt i_xj^A gjl . xV.At 2002 - 1998 

£_aj j£j .<j$jij-c^l 3 13jJI SjI 3 jj <£lkU oLsi-oL^. 

<jUJI 6 jI 3 j ^^3 A —JU.J <A^.V Jj»^ SjAJ jJI dl—lj 

J^_s_llj 3 I 3 JJI 6jI3jj A \ vl^jJI jx^lsJI A _<j^jj>c^fl 

. 4jlJL j4<A I 4^JlajjlLI ^ 3 ^J-° ^ \ ^.UaJ jW; 1 <Lt_a£j EPRI 
Lu^£ Jaa 2 31 J\ a t 4 ^ v a till 31 JLa^.VL» J-ajlJI 13a 
j lj 31 1 i 1 L> 3 /\ h a t 3 j^* _3ill ji.1 jLa _(_uVI jjj^. 3 -c 

3-0 Jit-Jail 3 <on-<_uj . 3 ^-° J^ LoX CjLojJjlo 

Jj-3L-Jj ^_Lc J x^a V 1 j«J <<JlS jJlIG <j3jl\ ^U-Sl j _0 

3 u <_uIjlj 5_uIj 331 ^-H "^LaJI ^_a <_3 ll 2 Ji^al 3 ^ 

. JjJ^^llj ((-J-IL 2 JI) Jo^k 11 

EPRI j ^ at i 1 jc °L^j 3 h° Ij^-I ^ LgL^ 3 1 3 < J Li o*^ j 

^j-lx Sjj £ 3^1* <Jill oLUlcL JjloHj <j^ 3JI _<JiLl 

SCADA <LoIsG^fLa .^.t-ul^ jLLG jl^£l*<1 ^jx. 3 ^ 3 ^ 

*niI j^SaI jjx ^1 jjl^.G <_ul!i 30 l^ tjJ ijJUJI 


capability fast look-ahead simulation (^) 
the Complex Interactive Networks Systems/ Initiative (Y) 


—LJJLj I ijJLllil Cjl J^-^l jilj ^-JLO-t 

iJUaX^fl 3 ^Li^s>L> -La^U»-^>Jl JLoX 33 ^ 3 ^^- 

LJaLuijI 6 jLaLji_i_u3 6 ^- 3 ^- J^ jl jxL ^.311 ^£tLa 

11 ^JaUa c_£j i^'\ t x iij . 4 a ill x it 1 <£^3JL 

LX^S^J ‘&jS> i^UJI ,_ M ii . l^Jlj 

(eJutj^JLil) <1 _ill cjl_^J-ll iLal_Jl_ Li 

_i-u3j J3 jJI -La^i-a-^k A _>j, i.^i \ 11 e_£l_iJ^I^ 

a tloc. ^.LLjJI 1 jmn <j3L>j-^JLI 1 <£lLJI 3l^j_ < - u Sjl*3*<>1 

. Jjt-o^fl 3 jAjJl ^Jl LgI j Jj_i-^>jJI 
3-0 3 ^jJI I j_^ LJUJI <UlL^Jl1I a _juuJI J_i j \ 1 j 

<d-ol<Lo j J-Joj jXJLi 31 <_ ^ 1 i^^Lt-aVI <JLil 3ll <^3JI 4*\ \ i. nil 

^_2 ^JLai_o p 1 \ \ 1 ^ 3*21 6 ^Ll-^JI JXoHj . SJJjJLo CjI jL£3 

bus ^LPJjj ^1 Jji^k o ^1 ^LaLa ^1 3 LLL 0 JS J_^.1 J 

1 j 1 at 1 frljj,^!! J-o-^3 ^lll 6 ^_ju^JI oiLiJ^^Jsl ^-A^ ibar 

processor J3j JS j\$ <\ .ol jJ^II 3 ^ 

L^jlo JS oL^JJat-il 3 ^ J-t-^l jh ^I ^ lx 6 jj3ll <J 

3 - 3 ^ 3 x cilj j (I ^ \c. JjJ-t^l ^\3tll <jlL=l£JI laLJoj 3 ^Ll» 


< oh i^fl ^Jl I_^JLal 


<jLalj-oil ji*-_ 




c> 4 


-3l 3L 


«VI l 




. t-> <L^UJI 

t ijl-^^ J^ ^Galj-o ^ liL^j 
SJLaJI jl I Jjj LJU. 5-0 J^JLcail A, s\ \s\^, loj^^Jl jc-jGUII 3 ^^Lo 
ipower-electronic S j solid-state 4 iL^ll 

345 : J£j <jlLl1£ ^Jx I J-o_AJLl L^jJ^£j <—u-vj ^3ll L^j-u^j ^Aj 
4jl1jLojL1I 634^^1 3-4 3 ^-q^klll I3 Aj .dllj 3 ^ 3 ^ 3 Jalajlj^ 
iA*L wV.ll JoKJ ^-OJ^yJI ^tituilui A \o£jJI 1 (^_JI 

^3l3ll ^iLi-oVlj 5 jG) 31I <jLaljJsl jjiHl s jjl^jJI <£jj! 2 l 1 I ^Aj 

■3*^i j 

-La^i-a-^k Jjtjj^G dl 13S » j 1LajJ J ol^JI Jl £jijVI 3 1 

JS ^jiG ^3-11 4 i.Aa A ill 5 jlLlLl1I cjIj Sj nat a^>I 1 3 J 33 AII 
a < A Lat v x 11*21 ^A J_ 2 kJ I 31 3 a o a . 4 _la£^ ^ I 5_i_xjla_u3-43 J 3 A 4 

^^j-lx J-olaLJj J^ix 6 j-oX ^3ll 6 ^)j£JI jl J-X 3 X 






























































I 



Cila jIslo j j^jJI 4 < \\ Mill (j£. objlxa Jyuij <<H1I iftl*— <-uU (^Jl j £ja ^La-a ^ i <iK \ ^Jl inLJl o^ JL^Ji jCiA-a ^ j^l^LiJI 

. lAjLijgjl JoA V\ \ cAuLdl oU.Lh.^Vl ALL>V jl «i \ jl £ j^Ai (joaAd j <(jr A.il51 ^< ^“* 


£-Jj^jl1Ij JajJI ^Uaj JiLl ^j-o JjJ-ojlJI^ 

id_<_uJI ^A ^Sj^-o| 13 ^Jl (J xs~i s S& Loj <1aSU 

O^-oXLcoJ Lo_o %65 ^j-o ^JiS I I J_A J jLxjj . CJ I^Jlxjj ^ u'tC 6 a1_£ 


col_<-uljj i tmj . a^.Ij. 11 ^.LsJI ^a g-L^5JI <-cl\ xs~-> LJU. 

^^a jVjj 10 ^Jl (J-x-oII d <a1Sjl!I ^jU 

dlljS iAj ^jl ._'Lrv-dj .^>JiSl ji JAA 6jlj <J-<-uJI 

jJjlI JAS .(J^JjL-cVjlIL Jlolil ^j—duJI ^*.rVt* II co-djjld ^J-C 

^jL-aiJI ^jl ^Jl jji_<Juq col^-oVill ^jSJ <5 jJLc cilj ^AjJlSlI 

l5L->^a I ^A Lf^-ll CjlcliaAdifl £._d-O-^. 4_>jl 

—<_oJI ^^a jifjj 120 70 £ja_> ja 

g-L>JflSJ 1 ^A I^juS LaUsAjI ^jl ( J_-a ^slAjJI C5"^J .6J_:a.ljJI 

<JS ^A <JsLa <A^.I^JI J_A*JI ^A 6 J.a.1^ 6^)-o Lu^Aj CjJ_ 

6j-l oj^ l>° ^Soj-al <*11^5_ ljjlg 500 000 cJLjlA _i 

.^)JiS| ^1 £/UlAL t-U 


<aI\A^ a ^UsA J->jl^lllJ cli^jJI jx£-J ^j| ia^JI f-J-t-u 

^ILa ^1 Ji^l j—& j <co!aj^I <=■!—^^>4^1 

jL^jI ^JUJLJJ *i 3JL^^J ^pl 9, II ^LjULJ_ojLs ^_OULJIJ ^C,ll iS~i 

^jl L^£JI ^ilj^i (—■c^-d <1—I iJ*i LjxAjJI 

o-s jJI _till I j ^LjjJI c-uL^. j sl^ni.1 t—J1 tJL> 

WHO SHOULD PAY (*) 


I J_AJ . L$_S I_1 nYs I ^JlI I ^ Hall I cJjJ_<-u ^A <JjJ>*-1 I 

^Jl <-JljI \x^> LUjLjlaI <jLtlLO 


.^ALt^aJI ^-oLo^fl (_£j^aJI Jl_^-11 Vj_> ^-LLaJI ^lalll 

Ji ^ % 11 .jA ^La. Ji .o> \ 11 ^ <JU^ a 11 11 O l 11 ’^^^-J‘<Llo 1^ I (J_A 

jxUVI ^1 ^>klJI 61^1^0 J<: . ,?n ^jkL EPRI 


<jl_ <Jjlo I J_A J . CoilS_(Jill £A^A ^AjlA^JI 

O JolJ ^La-llll CJ Jl xlJl ^ \ \ ^ ^Aj ^J^la Ju t A.jU 

\ Anil <_ij|jJI ^^.AajJI ^j-o £^lll I^A^A .<jl1jAji_ ljjlA CO^Iaj 

^l^)_a.| Jji^la CjLdljl^ *Aif I ^.ilrvji uu ^lljJI ^AjJI ^1 

^_1a l a A \ I I J_A JAI uiiui j .(( s J — ljLo))^^j CO jl v 1 


Jolj 6j_dJ_aJI Cji?LaJI 




aliSjJI^ <5La. 


L^ ,J C 


iLt^al 


<_u^a. 6^J Ua J-XAj US < 1JA ^ J>~y & ^ I f- Ln^^S 11 ^ LLaj I 

^-1a ^-^Jl <A 1 ^ I_^JklJLiif L^juxlajl e-ALij^ O J La | J_1a 

. L^_dA c,\laA CJJia ^AjJI 


( 'wIjlIISjJI JJlcujLcu (J^ 

. I JjlXj 1^1^ ^iLt-saifl 4_ul jJI <jSJI ^SjlujJI Jjlj < LljIaj 

.j^a.1 j-oi I^SllJ ^jiUI Jjij-HJI jl^j) jSJj 

<Ll^Ju_o11j CJ_<-ujJ jSJ <<a1S-o ^2x3^3 j! <Sji_HjJI 

<aKj EPRI J ^ a 11 jJAj j . <jua^j J 111 I CjljloIlcuVI ^Jl ^lajJL 































(j-o _ LlII MjJllil 4_ l: 


alii iiL 


-cuVI 


^J-L <JLw (JS ^ A^-a^-ll Cj I jJuJljlJI Jjl&IIj 4jLa| jU 

j L* JjlLcu VI I J <d Vn Vil La <Aj^L_s ia 2aJ I JLl*1 

<-QJ) 1*11 (J * » K d oLJj ^4 \LIqII , j J ijl i £ I ^yA 

^L-oL 4 jl£.j_L 1I dlLx-ll dLJL*_il ^Jl 

145L_<Jl!l I J^LV ValkJl 4 jl^xj 1 d I_aJLaJJ 

4 ql-Vt.fr ^yAuJs (jJJ^IL-uJs I 6 l^)_i I ^ \ Li 1 (3 ^lj 

y* xVi J ^jjjLJI ^j-c ^ iVs 11 Lj <6<^L-<V2I ^_£ » )dll 

■ .jMLVI ^_k: <K-Jla 


look-ahead simulators (^) 


- <jW&\ - 

Uassoud fkm'm - PY\\WVp P. ScV\e\Ne 

a . n.\v^ \\ W \ < n\ \^^ 1 1' a-> ,~A^v ■ ■ *\ Aj^»d\ Ad_jA\ VA^A. Ja Vj&a 

na\ "<A\ js^V~TA A_* A ~sA\ j_& j>Xa^ \u^_ 1 .> v\ v <s AjlaY^. _1 ,A ~^\\^ A A A \j^\W 

\_uj^lA\£u A A A \ j^<A\ A <AV-,\\ ." A~v. s\ A^» fs \ f' Ar.j t A AA~cTA\ 

cAu_ i_uVj_u\ <A /nA~cTA\ A\VcfA\ J_ft 0 \)_AuX \_q j s^V-AA \ \ A.V& q\ 4 , 

t <^^a-jLu> \_a\^ . N jV^" A \ \ . JA s\ ^\1 ■ »\ jjij . <>^yA , ^-AI\ a_aAA\\ a*\ s , 8 tA\ w 

AA£.juua4\ bJ—JliliW J-S.A s a^»V\ i_u\u^>. ^ad 
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f^ci\ JSjjiJSlK. 

- A^dUtl :AlaLu^j 

:• Lr jd=>jj| — Lr J=^j| K j-Jb :OljLaVI • 

A \ < mAjIJI jJl\\ 1 * 4 # 4_olill — ( M \ 1 1 L> V 4_(_<JU_Ul^_0 

SjJsl <ulLjJI tiLj^ju-oJI • (jxljjj — 

AjijjJ^ujJI <_»_U_i_Oji.I I Lj^UJ • 1^1 — 

Jn~^ t II A — ^ILlsJI <JHJU-UJJ 5 • ^jiJuloJ — oL^jiall 


:jJaa ( 


<UI 


f L — jVJI y <UI f\j I £j\ n 14 # 


— <jlUaJI <Llo^IcVI <-cj) a 1,1 :Cu^SJI • — <-2LU1 jlj 

— 4 <VI 4-i.lu.uj-q :jLU • 4^lalll 

4^juuJI IcjjaJJ • SjJiLJI — jJjjWI iji • ojjjl> 

.frLlua — j jjUJI :j^lJI • iaLjJI — 4jJajji^fl 4 jujVI 


wlCsJI (jjJjLGJ l^UL J-O 4 ->jLVLo 

■ J \ is'i'k ^ J_o ^_2 CjI JjLc ^ 1c. ,Jj) 1 \ oI^Luju-uVI 

^JJUUJLO Lo ^Lu-O^JL LAwlV.1 (,LV1 ^J^.1 dlL_Aj 

Lcj 5JJjju-ULC ^L J^l\ <£.L is*i 

| - < “ u ^^ I jl 4 _JlLl3LJ ^ 1 <_^ 

* L^j^J I ^ Lo_<-uJ I ,.\V\ {J\ ^ \ < *JS£i i 4jlS <_ jjjlC. 

iilLi! <jlL^JL1I 4_)l1jJI (JA_ 1 1 i~^'s ^j\ S<J jJlS^jlj 

•l>OJ) y*~* o~*j* 11 * LiL 4 _LjL oLiljpJI \ 

cj\ j ^LJIj L^xo ( j-£^LvJI <cj!_cLUaII ^ l.vvi Lo^ 

. \juz 6Ju-^LljLo (J-OXJ ^j| 4 _LxsJI 

<—■u5L> ixLxJI < oj5L^Jl dljjj Lusjj 

^-lLjJI ijl jjj VsLjJIj ^ j-LsJI < uuLuujJ \ ^1 cjjuJI 

_udVI <JLil j 4_ lLxj <Jl1j)) Ij_ 

^4 jL J / ** 4 ^ 4 1 1 4 4 4 Lj j I 1 ^ 4 L ^ 0 4 4A. 4 4 1 ^ 4 ! H j , " 4 1 -y J A L-S 

^jlLjJI l_^Ij _cuVli .4-> J^W 4jlLxjL1I 4jl1jJI 4_iLxx ^xCj 

jLVjI JxC _tiinil ^LJI ^jLjlII f<_cuLc 4_^.Lx 

4ju»*2>J-Lc A/Jil^J CjLVjJI J .4 U ti\\j 4xLc j y;3LJ jl jJLlI 

j^LxJI L-uL-ui Jjl^j 4jV^JI _uuLo 4 -cLlII 

^yjuULLA ^ 1c. JJ-^_^J1 i jLlL] J-O 4_cJ-XTWO J I ^Lj^S 

^jji_ uulo AjjLlj jVLi Li 4 jL <dlJj 

j-A oLj a*\ 11 <£.Lu-oJ ^jl_jXJLcGJI cj! _jll 

. 4j^J 4*\ \ a Vi j Lxj^f JjL^.jJ I I 

<Jjjll 4->j) 11 4 _lLxjJI _Ixll IjVL A^q5L 

^jL <(J^Vl ^-Lj J-^*-!L jl j_vl_u^I 

^^>-a3G i^yA J-Li- <_U ^lUI (JajJI ^.1 — Li 

lUJ l^JL^S . ^ L Jy$<A 1 4^-Jl - LjU ^-LlSJ 4-JLJ 1 1 1 1 

UjV.^11 _io-ij i 1 ^ 1 \ 1 Vl J I L^JlS^L £j jJsdJI 

^-JLQl^JJ q. Lj$£- 11 (Jl <-^-^1 (J^ A \J <CjLcILa 1V1 J-iJ-Sl J 

.^icl 1^L5L 

duL ^^L-oVI 4_ill jJI 4j^jJI 4 ^ji _Jill ^j| jJ 

dxlLJ <2003/8 xTill ^_iLjU cr LJsl -LaJI J-Jia Ljld 

«dl j-*_xs . LLl 4d ll V. a 4JLs^L_s dxs_JVsl Jj I I 

^^IsLaJsl Jill) -L-V ^_a^L dxl ^_5-L Sj^^^JlI xj _LaJI 

4_i^xjl 6jH^ 4 \x \ il-iH d 1^)I_ GjVI lJLi^I L^ll^-AiL 

IdC JjlS i^jI^Lu-G^I (JL*-1 4Jjrvj JaVJI ^\C VaLLJI ljL u-ulI 

^ ( ^^LVI ^5-11 jlalJl c j^- a ^lj -4UaAj dLcLu 

fJkjllU ^JLJLilsJI (Aja VLjIx.1 \ ^jJI -k-VJI 1 

4^ i A till (Jjk dll^)jVI 4 jJ| jJI dLx-A^jjJI dl vlj 

JJ^wll JkVlJI dLJ-S jLlA _UJ JjL* _ Jill £y& ^L^xVllI J_ Slj-<i 
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ECONOMICS 

The Ponzi Economy 

By Kaushik Basu 


Many perfectly legal business practices 
resemble the infamous con game writ 
large. 



EDUCATION 

The Science of Learning 

By Barbara Kantrowitz 

Also: “Stop Lecturing Me,” by Carl Wieman 

Researchers are using tools borrowed from 
medicine and economics to figure out what 
works best in the classroom. 
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ENGINEERING 

Shape-Shifting Things to Come 

By Sridhar Kota 


Flexible, one-piece machines could soon 
make today’s assemblages of rigid parts 
look like antiques. 



CYBERSECURITY 

Saving Big Data from Itself 

By Alex “Sandy” Penttand 

An architect of the digital age offers 
advice on how to handle mass 
information in an era of government 
overreach. 



ENERGY 

Preventing Blackouts 

By Massoud Amin - Phillip F. Schewe 


A smarter power grid that automatically 
responds to problems could reduce the 
rising number of debilitating blackouts. 
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PLANETARY SCIENCE 

How to Search for Life on Mars 

By Christopher P. McKay and Victor Parro Garcia 


Future missions to the Red Planet may carry tools of microbiology 
that can reveal whether life once existed on our closest neighbor. 



COMPUTER SCIENCE 

Extra Sensory Perception 

By Gershon Dubion and Joseph A. Paradiso 


Soon the world will be filled with tiny sensors. They will change the 
way we see, hear, think and live. 
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NEUROSCIENCE 

The New Century of the Brain 

By Rafael Yuste and George M. Church 


How do billions of neurons give rise to thoughts and emotions? New 
technologies will help us find out. 
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The Engine of Memory 

By Donald G. Mackay 


We maintain our memories by rebuilding them over and over. How 
the most famous patient in neuroscience led us to the discovery. 



BEHAVIORAL SCIENCE 

Good Habits, Bad Habits 

By Ann M. Graybiei and Kyie S. Smith 


By deciphering the neural mechanisms that underlie our daily rituals, 
researchers are beginning to explain how we form habits and why 
breaking them can be such a struggle. 
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